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RIGIDEX is made by a 

process developed by the 

Phillips Petroleum Company 

who have licensed the 
manufacturing rights to 

British Hydrocarbon Chemicals Ltd. 


RIGIDEX—the new polyethylene . . . the rigid polyethylene—extends 
the limits of all-plastics design. Now introduced by B.R.P., 

it surpasses materials previously available in many essential properties 
and range of engineering uses. 

RIGIDEX is stronger, tougher, more rigid. Makes thinner 

sections possible. Brings lightness, durability and 

impact resistance to all fabrications. 

RIGIDEX has higher softening temperature. Does not melt in 

boiling water. Can be autoclaved. 

RIGIDEX resists acids, alkalis, oils. Gives maximum protection in 
laboratories and on the plant. 

RIGIDEX looks cleaner, feels fresher. Mouldings possess 

exceptional surface finish . . . can be produced in wide range 

of colours . . . are pleasant to the touch. Film is impervious 

to vapour and moisture. 

RIGIDEX is easier to fabricate. Perfectly reproduces design 

detail. Extruded material is easily machined— 

easily assembled. 


Write for Booklet 317 giving information about RIGIDEX 


Sole Selling Agents 


<> BRITISH RESIN PRODUCTS LTD 


RECN. TRADE WARK 


SALES AND TECHNICAL SERVICE DEVONSHIRE HOUSE PICCADILLY LONDON WI HYDE PARK 0151 


A Member of the Distillers Plastics Group 
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designing new equipment? 
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Specify the correct type of | 


FIRTH-VICKERS STAINLESS STEELS LTD. SHEFFIELD Telephone: Sheffield 42051 
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BROOKES AND ADAMS LTD. TEL. CENTRAL 2410 


fiesta melmex tableware 


EIGHTEEN EDMUND STREET . BIRMINGHAM 3 
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For more than a century and a half Harpers 
have been making fine castings—and machining 


them to fine limits 


Harpers can supply castings gauged, machined, 
inspected and tested ready for final assembly. 
They also have facilities for vitreous enamelling, 
both on iron and on steel, and for painting and 


plating as well as for pressed work. 


Illustrated here is a hydraulic 
valve body for Stein-Atkinson 
Vickers Hydraulics Ltd., 
made by Harpers and 
machined by them to limits 
of +°002’ 


%* Details of the Harper Castings Service will gladly be 
supplied on request. 


JOHN, HARPER & CO LTD 


MACHINED TO FINER® LIMITS 


HARPER CO. LED. 
ALBION WORKS, WILLENHALL 
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COMMERCIAL 
PRODUCTION 


The Jessop Titanium Melting Plant 
built entirely as a private venture came into production 
early in 1956, and since that time has been producing 
ingots up to 20” diameter and approximately 1 ton in weight. 
In recent months the scope of the plant has been further 
increased by the installation of a new Heraeus Vacuum Arc Melting 
Furnace, one of the largest in Europe. This additional 
melting unit completely up-to-date in its conception is capable of producing 

ingots up to 24” dianeter and exceeding 2} tons in weight. 


DEVELOPMENT FACILITIES 
To assist engineers and designers engaged on new projects 
Jessops are prepared to offer Hylite Titanium in development 
quantities on specially negotiated terms. 


WILLIAM JESSOP & SONS LTD - BRIGHTSIDE WORKS - SHEFFIELD 


A MEMBER OF THE B.S.A. GROUP 
P.2289 
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The system of Honeycomb Sandwich 
Construction, developed by Avro for 
aircraft, has been used with outstanding 
success for radar aerials. Using this system, 
Avro have designed and built large 
reflector faces both in single and double 
curvature which form an integral part of 
the aerial structure itself, thus saving 
, weight and assuring accuracy of profile. 
Built in sections, such aerials are easy to 
transport and erect, while their light, 
stiff structure is capable of withstandi 
high wind forces. 
Cempanies associated with us in the 
‘Hawker Siddeley Group are experienced 
in the design and construction of the 
supporting frames, turntable and concrete 
foundations and have provided generating 


“SRR” =A. V. ROE & CO. LIMITED, Greengate, Middleton, Manchester 


MEMBER OF HAWKER SIDDELEY/ONE OF THE WORLD’S INDUSTRIAL LEADERS 
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The Dependable Metal 


Meehanite Metal Foundries 
at your service 


Ashmore, Benson, Pease and Compeny, Stockton-on-Tees. The Butterley Company 
Limited, Derby. Limited, Kirkintilloch. Carmichael 
By hie South Shields. Goulds Foundries Limited, Newport, Mon. 

imited, Staffs. G. M. Hay and Company, 
Limited, Glasgow. A. Parsons and Limited, 6. 


Ealing Park) Limited, Landon, W Surrey. 
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tricky job 


Half pump casing 
weighing 4 tons 12 cwt. 
cast in Meehanite by 

G. M. Hay & Company 
Limited, Glasgow. 


. . . yet well within the capabilities of a 
Meehanite foundry. For Meehanite Iron has 
all the qualities that such a casting needs 
—absolute soundness, pressure-tightness, 
strength, freedom from distortion, and good 
machinability. 

Any, of the foundries listed on the left will 
be glad to send you a free copy of the booklet 
‘Meehanite in the Service of Industry’ or a 
quotation for any number of Meehanite 
castings, large or small. 


THE INTERNATIONAL MEEHANITE METAL CO. LTD., MEERION HOUSE, 4 DOWNSIDE, EPSOM, SURREY 
TELEPHONE: EPSOM 3507-9 TELEGRAMS: MEERION EPSOM 


October, 1958 
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NEW GRAPHITE 
HEAT EXCHANGERS 


New models now provide heat surface 
areas from 4 sq ft to 200 sq ft 


@ Twenty models are now available 
to extend the range of graphite 
block heat exchangers to suit all 
corrosive industrial duties. 

@ All models are suitable for use 
as heaters, coolers, condensers, or 


ae Ms evaporators, involving one or two of 2’ or 2” or rectangular 

’ be ae or multi-pass flow for either fluid. 
~ heat transfer requirements 


@ All units are designed to provide 
the accepted graphite block advant- 
ages of robustness, compactness, ease lems. 
of installation and maintenance. 


Powell Duffryn 


CARBON PRODUCTS LTD PHONE: HAYES 3994 


@ Tube (hole) dimensions 


or industrial scale prob- 


SPRINGFIELD ROAD, 
HAYES, MIDDLESEX 
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Insulator Division 


Electro-ceramic insulators, 
mass-produced to close 
dimensional tolerances, for 
radio, telecc yn 
and electronic apparatus, 
cooking, heating and 
pyrometric equipment. 


Electric Heating Division 
‘Chromalox’ ceramic- 
embedded strip, ring, pad 
and cartridge electric heating 
elements and ‘Tubalox’ 
sheathed wire elements for 
domestic and industrial 
purposes. Also complete 
appliances including air and 
immersion heaters. 


Gas Burner Division 


Non-corrosive ceramic tipped 
gas jets and gas burners 

for domestic and industrial 
heating and lighting together 
with a comprehensive range 
of spray jets for chemicals, 
oils and other fluids. 


In the forward march of industry, 
progress starts with visionaries’ dreams... 
with dreams awaiting translation into 
practical possibilities. And that’s where 
Geo. Bray have a part to play. In 

close on a century, the Company has 
made many dreams come true, turning 
the ideas of others and of themselves 
—for Geo. Bray engineers are visionaries 
too—into solid realities. 

For lighting and heating, for electrical 
insulation, for precision engineering, there 
is hardly an industry that does not rely 
on the products of this 95-year-old 
Company. Today, forward-looking people 
are constantly coming to the Insulator, 
Electric Heating and Gas Burner 
Divisions of Geo. Bray for advice on 

the development of new ideas in 


these all-embracing fields. 


and company limited 


GAS JETS AND BURNERS 
ELECTRIC HEATING ELEMENTS 
ELECTRO-CERAMIC INSULATORS 


Leicester Place, Leeds, 2 
Leeds 20981 set lines) 


London 
305 Grand Baling, 
C.2 
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one of nylon's toughest jobs 


Nowhere are nylon's virtues more vital than in conveyor belts—especially in those in daily use at the coal face. 


High tensile strength, abrasion resistance and shock absorption make nylon supreme. It keeps going month 
after month, for its losses from fatigue, ageing or wet are small. These are the properties that explain the 


choice of nylon for belts, tyres, vehicle air springs and other tough uses. 
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x 


comparisgy 
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every case where if 


were employed to cong one type of fu: design 
bith another, PETRO F@RBACES were 
oved most efficient agfor £ , B.T.U. fag .U.— 
any comparison. onder more have already 
n installed in petra chemical and industrial 


® Mant all over the worg 


@ MAXIMUM 
FICIENCY @ PLEN@M@CHAMBERS FOR 
POUS AREAS © SIMBLIBITY OF DESIGN 
SNSTRUCTION @ SSS DRAFT FOR 
BM GROUND SPACE LENGTH 
D TRAVEL @ ZHMOM@AIR LEAKAGE @ 
RESSURE DROP @ TOW MAINTENANCE 


PETROCHEM-ISOFLOW FURNACES 


UNLIMITED IN SIZE .......» CAPACITY ........ DUTY 
Manufactured under licence in Great Britain and other parts of the world by 


Overseas Associates: 


ustralia—Mr. K. C. i 
BIRWELCO LTD 


Germany—Petrochem G.m.b.H., Box ‘1078, 
CHESTER STREET, ASTON, B’HAM. 6 Dortmund 
Tel.: EASt 1171 (5 lines) Netherlands—Comprimo N.V., 21 Amstell, 


London Office: 
46 Westminster Palace Gardens, S.W.1 


October, 1958 
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Extra toughness all round 


with GEON RA-170 
HIGH IMPACT PVG 


Fifteen-times the toughness of 
ordinary PVC plus high tensile strength 
and lightness plus resistance 

to chemicals and solvents. 

This combination of properties is 
available only with 

Geon RA-170 High Impact PVC. 


No other PVC compound satisfies so 
completely the requirements of 
manufacturers of piping for the | 
chemical industry, the petroleum 
industry and all branches 

of civil engineering. 

Write for Information Sheet G105/160 


Photograph shows 

High Impact PVC piping made 
by Chemidus Plastics Ltd 
using Geon RA-170. 


Geon is a reg’d trade mark 


British Geon Limited 


@® SALES AND TECHNICAL SERVICE DEVONSHIRE HOUSE PICCADILLY LONDON Wil HYDE PARK 7321 
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These men 
don't stink 
from the sun 


OIL-HARDENING 


TOOL STEEL 


Write for further information 
using the request form 


To EDGAR ALLEN & Co. LIMITED 
Imperial Steel Works, SHEFFIELD, 9 
Please post K9 pamphlet to : 


Firm 


doesn’t shrink 
from heat-treatment ! 


K.9 steel is supplied in many standard sizes in square, round and flat 
sections, with a hardness of 207 Brinell. 


It was perfected to meet the demand for a tool steel with little risk 
of contraction or expansion—less, in fact, than 1/1000” per inch when 
hardened. This ease of heat-treatment makes K9 an ideal steel for 
tools requiring the highest accuracy—dies, stay-taps, broaches, plugs, 
gauges. 


EDGAR ALLEN & CO. LIMITED 


IMPERIAL STEEL WORKS - SHEFFIELD-9 


TELEPHONE : SHEFFIELD 41054, TELEGRAMS : ALLEN, SHEFFIELD 9 


October, 1958 
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holiday 
On the 


Why buy new machine tools to make small components when SMC 


Sinterings can supply them in quantity at up to 40% less cost? ~ 


You save the capital outlay required for new machine tools and 
you save on production 
to pay 


costs—enough 

for several on 

the Riviera or anywhere | 
you fancy. 


METAL 
COMPONENTS 


ind save 
money 


Sintered Metal Components are delivered complete and ready to 
go to work without extra machining and cost up to 40% less than 
conventionally cast and machined parts. SMC will make them for 
you in quantity (normal minimum 10,000; no maximum; 1,000,000 
is routine), with any of an infinite range of finishes and characteristics 
and with a wear-resistance up to six times that of hardened steel. 
Dimensions must not exceed 24” x 24” but om may be as complex 

“ue For further details, visit us in Chard and see for 

yourself or write for full information: 


INTERED 


ETAL 
OMPONENTS 
(CHARD) Ltd 


BODEN WORKS . CHARD - SOMERSET 
Chard 2341/2. A member of the Sterling Industries Group. 


Ad 
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KEMITYPE 


LIMITED 


8 CHASE ROAD, LONDON, N.W.10 
ELGar 7695 


L.P. ZIEGLER POLYETHYLENE V.F.56 


Gauges | thou to 40 thou. Width 1300mm. 
Sterilisable, temperature range -—60°C. to 
+120°C. Substantially improved resistance to 
moisture vapour, oils and greases, gases. 
Outstanding power factor. 


New ZIEGLER POLYETHYLENE V.F.57 


Prestretched, increased burst strength, trans- 
parent. Also metallised. 


Polyester film HOSTAPHAN 


Metallised, prefabricated, P.E. laminated. Gauges 
below 4 thou up to 5 thou. Width 1250 mm. 


Polyvinyl Alcohol film 


Cold water soluble. Nonporous. Excellent 
separating interlayer for polyester mouldings 
and forming processes. Width 48’. 


Rigid PVC film SUPROTHERM 
Gauges 0.9 thou to 20 thou. 


Polyamide film SUPRONYL 


Gauges 0.9 thou to 20 thou. Special pre- 
stretched grades and low temperature m.p. 
laminating grades available. Width, 48’. 


Welding and Sealing equipment of most recent design 
special adhesives and fast, special purpose, inks. 
Deep drawing equipment, converting equipment. 
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BRIGHT Ss 


R. CRUICKSHANK LTD. 

CAMDEN STREET, 3 

Phone CENtral 9553 (6 tines) 

Grams Cruickshank, Birmingham. 
October, 1958 17a 
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Right from the 
drawing board 


stage 


SMALL & PARKES LIMITED 


18a 


DON 


DON 


KARMAL 


SPECIFY 


sintered metal friction 
materials for heavy duty and 
oil-immersed brake and 
clutch applications in the 
industrial field. 


woven and molded asbestos- 
based brake linings and 
clutch facings for industrial 
usage of every description. 


gland packings in 

coil or “tailor-made” 

ring form for steam, hydraulic, 
and chemical applications. 
Jointings in sheet form 

or ready cut. 

Asbestos textiles—yarns, string, 
tapes, cloth—metallic 

and non-metallic, 

all designed to requirement. 


For full details of all Small & Parkes 
products write direct to: 


HENDHAM VALE WORKS - MANCHESTER 9 
LONDON OFFICE: 76 VICTORIA STREET - S.W.! 
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STAINLESS 
& CARBON 
QUALITIES 


SHELL 


MOULDED 
CASTINGS 
IN 


Accuracy of 
dimensions and coring 


From ounces up to 
50 Ib. finished weight 


STEEL CO LTD: MOTHERWE 


L 


Telephone: 
MOTHERWELL 1051 (6 lines) 


Telegrams: 
CLYDALL MOTHERWELL 
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DARWINS 


BRIGHT 


STEELS 


DRAWN: TURNED: GROUND 


ENQUIRIES FOR THE SUPPLY OF SPECIAL SECTIONS WELCOMED 


DARWINS BRIGHT STEELS LIMITED 


KINGFIELD WORKS, SHEFFIELD, 2 


TELEPHONE 24274 


range 


TELEX NUMBER 54-215 


DBS 100 
19a 
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INTRODUCING 


BLISS 


HYDRAULIC PRESS 
FOR 
COLD EXTRUSION. 


CITY ROAD, 


PERA 


In co-operation with the 
Production Engineering 
Research Association of Great 
Britain, Bliss have designed a 
unique Hydraulic Press, 
combining all the essential 
features for the cold extrusion 
of steel. 


The BLISS-PERA Press is a 
versatile unit, of extremely 
rugged construction, 
performing many extrusion 
operations which are 
impracticable on conventional 
presses without elaborate 
tooling arrangements and 
stripping devices. 


A new double-action motion 

is a particularly important 
development which, together 
with the associated press 
control circuit, permits a wide 
variety of forward or backward 
extrusions or a combination 
of both. 


Tool setting is much easier and 
more rapid than on 
conventional mechanical 
presses and the pressure 
controls can be set to safeguard 
against accidental overload. 


Write for descriptive leaflet of 
typical press specifications. 


E. W. BLISS (ENGLAND) LTD. 


DERBY 


Telephone: DERBY 45801 (4 lines) 


London Office: 2/3 The Sanctuary, S.W.|. Telephone: Abbey 3651/2 
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Hobson 


Skill and experience in engineering has long been successfully 
applied in the design, development and manufacture of various 
specialised components of high precision character. 

Present production is concerned mainly with advanced projects 
relative to the aircraft and nuclear power industries. 


We have a technical staff capable of dealing with the many 
problems of modern engineering technique and invite enquiries 
regarding projects to which our wide experience can usefully 
be applied. 


Hydraulic Jacks and Servos 
Electro-Hydraulic Servo Actuators 

Hydraulic Pumps and Motors 

Liquid Flowmeters 

Engine Control Systems 

Mercury Manometers 

Remote Reading Contents Gauges 

Remote Handling Equipment 

Honeycomb Isotope Manufacturing Machines 


Electro-Mechanical Control Systems for Atomic Reactors 


Specialised Gearboxes 
Atomic Reactor Ancillary Equipment 
Hydraulic Variable Speed Drives 


H. M. HOBSON LIMITED 


TYPICAL EXAMPLES OF HOBSON PRODUCTS 


WOLVERHAMPTON ENGLAND 
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NO MAINTENANCE 


Photograph by courtesy of Dorman Long (Chemicals) Ltd. 


These Travelling-Grate Stokers made by Babcock & Wilcox 

supply annually 22,000 tons of coal to boilers which in turn supply 
the entire steam requirements of the large heavy-chemical works 
of Dorman Long. MORGANITE CARBON BEARINGS situated 
in the hot zone have to withstand severe treatment. 


MORGANITE CARBON BEARINGS are the answer to this 


problem—they will answer yours today. Please write or phone for 
leaflet SD.63 or ask for one of our Technical Advisers to call. 
MORGANITE CARBON BEARINGS withstand high 
temperatures, will run in liquids; resist chemical atmospheres and 
corrosive conditions; need no lubrication; are useful for inaccessible 
positions; are non-contaminating and eliminate maintenance. 


BEARINGS 


THE MORGAN CRUCIBLE COMPANY LIMITED, BATTERSEA CHURCH ROAD, LONDON, S.W.11. Telephone: BATtersea 8822 
C65a 
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advance in 


OLD WAY 


To provide a shoulder 
for the tensioning 
spring on this filler 
cup entailed an extra 
long, threaded shaft, 
a nut, a hole drilled 
to take a cotter pin 
and an altogether 
tedious assembly. 


save material—reduc 


EXTERNAL 
RETAINER. 


THE SALTER WAY 
The spring is quickly 
positioned on a 
shorter, plain shaft by 
a Grip Ring which is 
snapped into position 
for secure, frictional 
grip. 


e assembly time 


When it’s a question of assembling com 
in any engineering field, Salter Retainers 
answer. They replace nuts and bolts, 


Send for the Salter Retainer 
catalogue —no designer is 
complete without it. 


Geo. Salter & Co. Ltd., West Bromwich - S 


‘October, 1958 


cotter pins, and eliminate expensive threading and 


Circlips Fasteners Retainers 


ponents 


machining operations. A large standard range is 


are the at your immediate disposal, and we should 
screws, welcome the opportunity to assist in developing 


pring Specialists since 1760 


special retainers to solve your problems. 


NEATER — MORE POSITIVE — PERMANENT RETAINING 


M-W.444 
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non-inflammable 


Because it is non-inflammable, as well as being transparent 
and a good electrical insulator, Cobex was chosen for a range 
of signal relays cases for London Transport. Safety and 
efficiency formed the basis for its selection, and the use of 
Cobex for these important components underlines why it 
is being specified in many industries where its unique 


combination of properties can result in safer and more for sealed relays used with signalling 


dependable installations. Ask for publication No. 565 and 
technical Data Sheets. 


RIGID VINYL SHEET 


a product 


of 
BX PLASTICS LTD station AVENUE: LONDON E4 


Subsidiary of The British Xylonite Co Ltd Telephone: Larkswood 551 
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MATERIALS IN THE NEWs 


A Monthly Digest of Engineering Materials News from Home and Abroad 


Beryllium—a Future or Not? 


IMPERIAL CHEMICAL INDUSTRIES’ announcement of the construc- 
tion and operation of a wrought beryllium production plant on 
the basis of a contract from the U.K. Atomic Energy Authority 
follows earlier announcements by the Authority that this metal 
will be used in place of magnesium alloy as a canning agent 
for the fuel elements of the advanced design, high temperature, 
gas-cooled reactors which are currently being developed for the 
British nuclear power programme. 

At the same time, it is of interest that beryllium is being talked 
about in the U.S. as the new “wonder metal’ of the future, 
offering the opportunity of many potential industrial uses. 
Indeed, at one recent A.S.M.E. meeting it was stated that 
beryllium was the “true wonder metal of the future.” Opinion 
in Britain is, however, less optimistic. 

1.C.I.’s investment involves the expenditure of between one and 
a half and two and a half million pounds. The production of the 
plant— the location of which is being kept officially secret—is 
reported to be extremely flexible in that the likely demand for this 
metal even for atomic energy purposes is very uncertain. This must 
depend, not only on the success of beryllium as a canning agent, 
but also on the sale of U.K. nuclear power stations abroad. 

Beryllium is, however, expected to find a number of applications 
in the manufacture of aircraft and guided missiles in the U.K. 
and also possibly in the chemical industry. To the aircraft 
industry its high temperature resistance and light weight are 
important assets. 

Beryllium has a melting point of 1,280 deg. C., compared to 
659 deg. C. for aluminium. 


High Temperature Metals 


LITTLE HAS BEEN published about recent U.K. developments in 
high temperature resistant metals. This work is of particular 
interest in the field of steel and other ferrous metals in that British 
research and development in this quarter is probably further 
advanced than work in other parts of Europe. 

Developments from this research, which will be announced 
shortly, will include the production of new steel alloys—on a 
production basis—for the manufacture of steel sheet and steel 
piping. Brown Bayley Steels Ltd are, developing a series of 
high temperature steels. This company has specialised in the 
past in developing steels for special purposes. At the same time, 
both United Steel Companies and Stuarts & Lloyds Ltd. are 
developing more general purpose high temperature resistant 
alloys. Wm. Jessop & Sons Ltd. are also developing some 
new titanium-based alloys which should be available before 
the end of the year. Hadfields Ltd. also have a new boron steel 
under development. 


Boron’s Future 


BORON is now well-known to be important as a potential guided 
weapon or rocket-to-the-moon fuel, and the U.S. has just fired its 
first production model solid-fuelled missile—the Nike Zeus. This 
is important because boron fuels, being solid, are easier to handle 
than liquids and also occupy less space. Recent research work 
in the U.S. has shown that the addition of boron hydride com- 
pounds to a basic ammonium perchlorate-rubber compound 
could yield a performance such that an inter-continental ballistic 
missile capable of travelling 5,000 miles would be only some five 
feet in diameter and fifty feet in height. This is a reduction in 
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height of about thirty feet where liquid fuels are involved. 

While diborane and boron come high on the list of potential 
rocket fuels, they will not be used as a straightforward chemical 
compound, but will be combined with other materials as, for 
example, magnesium, aluminium and lithium. 

It has been estimated, according to recent calculations carried 
out in the U.S., that the use of boron fuels for guided missile 
propulsion would, in the case of most missiles, give an increase in 
the amount of propellant loading on fuel space; indeed, loadings 
of between 90 and 95 per cent are being achieved already with 
experimental missiles. Boron-based fuels will not, however, save 
weight, although they will be slightly cheaper than conventional 
rocket fuels to produce. Boron-based fuels also have potential 
civil applications and both German and French companies are 
carrying out research programmes on tae use of these materials 
for boosting jet engine performance and overcoming “‘flame out.” 

The U.S. Air Force has recently awarded a contract to the U.S. 
Borax Research Corporation—a U.S. subsidiary of tne U.K. 
Borax (Holdings) Ltd.—for the investigation of new solid rocket 
propellants based on the combination of boron compounds with 
inorganic polymers. 


Aluminium for Canning 


ONE OF THE potential uses for aluminium that has previously 
been neglected because of the problems involved is the use of 
this metal for the production of cans for containing mineral 
waters. 

One of the major problems here has been the fact that aluminium 
oxidises far too readily and, as a result, taints the liquid 
enclosed in the containers. 

The French company of Boxal has now developed a process 
which, it is claimed, overcomes this problem and should enable 
aluminium to be used for this purpose. 

An obvious advantage of the use of aluminium for such canning 
purposes lies in the fact that it could lead to considerable savings 
in weight over the glass bottles currently used. Estimates place 
the weight which could be saved at about six hundred tons per 
million containers handled. 


Cermets—Cost and Use 


WHAT Is the position about cermets—ceramic-metal compounds? 
The future seems to lie between their use in atomic energy as a 
high temperature resistant fuel element for nuclear power plants 
—based on uranium oxide and graphite—or, alternatively, their 
failure to find an economic industrial use unless production pro- 
cesses can be improved so that they can be used for the manu- 
facture of bail bearings and other similar small engineering 
components. The use of cermets for the manufacture of high 
temperature thermocouples has, in the U.K. at least, proved 
on investigation with experimental trials to be uneconomic. 
Detailed experiments carried out over several years concerning 
the manufacture of turbine blades for jet engines have also shown, 
it seems, that the use of cermets for this purpose is not possible, 
because they cannot meet the particular technical conditions— 
chiefly ease of fabrication and mechanical performance—which 
are required. At the same time, cermets seem likely to form the 
basic element of the nuclear reactor furnace of the atomic power 
stations of the future, such as that now being constructed at the 
new U.K. Atomic Energy Authority reactor testing research 
station at Winfrith Heath, Dorset. 
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Dumping Aluminium 


RECENT COMPLAINTS about the dumping of aluminium have been 
brought to the notice of the Board of Trade by the Aluminium 
Company of Canada. 

Figures of Soviet aluminium production are unavailable, but 
they are believed to be considerable. This is supported by the 
fact that Russian industrial usage of this metal has grown con- 
siderably during the last five years. The question which is being 
asked is whether Russia is exporting aluminium as a measure of 
economic warfare, or whether she is merely exporting it as a 
non-political surplus. On the whole in the past Russia has 
tended not to export basic materials even where an excess produc- 
tion is known to exist—as is the case with oil—except for political 
reasons. 

At the same time, the Russian production of aluminium is 
believed to be far in excess of the quantities of this metal which 
could be used in its industry. This is especially the case from 
deposits which occur in the Urals and Asia, and it may well be 
that Soviet economists have decided now that trading at a price 
which will meet their production costs (low compared with those 
of most Western countries) is profitable both economically and 
politically. 


Soviet Plastics 


RUSSIAN PRODUCTION of plastics, which is believed to be currently 
running at between 100,000 and 150,000 tons a year, is to be 
stepped up considerably, according to the latest plans to be 
announced. 

Russia is not only in the market for plants for the production of 
polyethylene, but also for the production of polyurethane, 
polypropylene and a series of man-made fibres of potential 
industrial importance. 

Russian production of plastics is extremely variable. At present 
Russia is producing about 1,000,000 lb. a year of fluorocarbons 
and between 8,000,000 and 10,000,000 Ib. of polyurethanes. 
Her production of both polyethylene—using a high pressure 
process—and of polyester resins is believed, however, to be 
considerable. Considerable quantities of silicones are also being 
produced. 

The main weakness of Russian plastics production at the 
moment would seem to be confined mainly to her production of 
man-made fibres and advanced types of synthetic rubbers. On 
the other hand, a considerable amount of research and develop- 
ment work is being undertaken in these fields and recent research 
on “natural”? type man-made rubber—full details of which are 
not yet available in the U.K.—carried out at the Institute of 
Macromolecular Chemistry would seem to indicate that in the 
latter field at least Russian progress does not lag far behind that 
of the West. 


Coated Steel 


FOUR COMPANIES in the U.K. have now acquired the rights to 
buy the British Iron and Steel Research Association’s Plasteel 
process and are laying down production lines. 

John Summers & Sons Ltd., on the other hand, who also have 
developed a plastic coated steel, are, according to the latest 
reports, very heavily committed on production orders and are 
not seemingly at present selling the rights to their process. 

The purchasers of the BISRA process include Richard Thomas 
and Baldwins, Morgan Electrofinishes of Port Talbot, Wilmot 
Taylor, and Guest, Keen & Nettlefold. A number of Common- 
wealth and foreign companies are also interested in the BISRA 
coated steel. They include the Dominion Fabric & Steel Co. of 
Hamilton, Canada, who have already come to an agreement for 
its production. Other foreign companies from Australia, Italy, 
Holland and Germany are still negotiating. 


Plastics—After Ziegler 


THE SHELL CHEMICAL COMPANY are now preparing to go ahead at 
Grangemouth with the Pnillips polyethylene production process. 
Two and a half years ago, Shell Chemical bought the exclusive 
rights of the Ziegler polyethylene production process in the U.K., 
but they are still investigating the potentialities of this technique. 
At the same time, the use of Ziegler catalysts has seemingly 
been abandoned for the production of polypropene, both in 
Europe and in the U.S. The unit using the Phillips process will 
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be constructed in collaboration with British Petroleum Co. 
Imperial Chemical Industries, meanwhile, are continuing with 
further developments of their high-pressure polyethylene pro- 
duction process and are considering expanding production 
capacity. The Russian delegation that recently visited the U.K. 
for the purpose of buying chemical plants showed itself especially 
interested in the purchase of an I.C.I. high-pressure polyethylene 
plant, and the Russian government has recently made the first 
steps towards the negotiation for the purchase of a production 
plant of this type. 


Bridges on Rubber 


A RUGGED new application is developing for that highly versatile 
material—rubber. Since it was put to use as a bridge mounting 
for the first time in this country on Lincoln’s Pelham Bridge 
this summer, it has been used also on the footbridge of the 
ornamental lake in St. James’s Park in London and, currently, 
to a section of the Chiswick Flyover. Here apparently is the 
start of a new trend in bridge building. At present, there are 
nearly a dozen small bridges forming part of the new Gloucester 
by-pass being mounted on rubber, and one authority has forecast 
that within the next two years there will be about 200 bridges 
mounted on rubber in Britain. British Railways are understood 
to be taking a close interest in the development. 

Movement of bearings is of course necessary on most bridges to 
allow for expansion and contraction, but many civil engineers 
regard conventional metal bearings as far from ideal. This has 
been partly because of lack of maintenance, but a very frequent 
trouble has been the result of fretting rather than substantial 
movement, and it is believed that rubber mountings are an answer 
to this. . 

Engineers of the Andre Rubber Co., working in consultation 
with W. S. Atkins & Partners, produced for the Pelham Bridge 
bearings measuring 24 in. x 16 in. x 7 in. deep with intermediate 
bonded steel plates; each of these (fitted directly between the 
piers and the steel girders) is capable of carrying a vertical load 
of 100 tons at a rate of 1,200 tons per inch. 


Alloy for Missile Noses 


ONE OF the biggest problems in the development of interconti- 
nental ballistic missiles is to prevent them burning up when they 
re-enter the dense air near the earth while travelling at high 
Mach numbers. 

The U.S. National Advisory Committee for Aeronautics has 
been studying nose shapes that will dissipate this heat instead of 
being consumed by it. For these test purposes, an alloy is needed 
that will maintain structural stability at very high temperatures, 
and a material which research workers are now using for this is 
Inconel, a neat-resisting nickel-chromium-iron alloy. This alloy 
is also valuable for this purpose because it can be readily spun 
into a great variety of experimental nose shapes which are needed. 

The cones are heat-treated to obtain the minimum grain size 
and then hand-polished to a finish much smoother than glass to 
eliminate microscopic roughness which might cause frictional 
heating. 


Electronic Refrigeration 


THE PRINCIPLE of electronic refrigeration has been known for 
more than a century. But the problem has been to apply the 
theory—of passing electricity through junctions of two dis- 
similar materials to create heating or cooling—on a commercial 
basis. 

An announcement by the Westinghouse Electric International 
Co. suggests the advent of this technique is very much nearer. 
The company has produced a semi-conductor device that both 
cools or heats a baby’s bottle automatically, and a food trolley 
with both refrigerator and oven compartments. Other items 
envisaged though not yet made are refrigerated mixing bowls, 
kitchen cabinet drawers, as well as air-conditioning units, cooling 
coaster mats, photo-developing trays and electric thermos 
bottles. In short, the technique may lead to a breakaway from 
the refrigerator as a single unit in favour of components of various 
types of cold storage drawers, cabinets and closets around the 
kitchen and other rooms in the home so that they would be 
located where they are most needed. 
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TITANIUM DUCT 
ASSEMBLY 


Seen at the Farn- 
borough Air Show 
this year was this 
duct assembly in 
1.C.l. titanium 130, 
part of the blown 
flaps (shown low- 
ered) on the Vickers 
Supermarine 
Scimitar naval air- 
craft shown in this 
picture about to 
deck land. 


CONVERTERS 
READY FOR 
FINISHING 
before painting is an 
important factor in 
the manufacture of 


steel envelope mer- 


This 37ft. self-righting lifeboat built by Wm. 
Osborne Ltd. makes extensive use of light alloy in 
the double-bottom of the craft forming the ballast 
tanks, as well as in the superstructure and some 
bulkheads. Hull itself is of double-skin mahogany. 


cury-arc converters 
for reversing drives 
in the stee] and mining 
industries. Wire 
brushing is shown 
here being carried out E 
at the Stafford works 

of English Electric Co, 


PLATES FOR 
HINKLEY POINT 


A 3in. thick steel 


POLYESTER-GLASS FIBRE SPORTS CAR plate for the 67 ft. 


Body of the new Peerless sports car is made up of Cigmaser Feet 


57 individual Cellobond polyester-glass fibre 
mouldings, including those for foot wells, most 


pressure vessel at 
Hinkley Point nuclear 


bulkheads and seat frames. Chassis is built up power station being 
from rectangular steel tubes, fabricated from tack-welded prior to 
sheet, and with the seams flash-welded. fabrication at the 


Renfrew works of 
Babcock & Wilcox Ltd. 


THE WORLD OF MATERIALS 
4 
Via 
LIGHT ALLOY IN SELF-RIGHTING LIFEBOAT 


“Atoms for Peace’ — Materials at Geneva 


ONE OF the most striking features of the Atomic Energy 
Exhibitions at Geneva which were held in conjunction with the 
“‘Atoms for Peace”’ international conference was the important 
place occupied by special materials and engineering equipment. 

There were two exhibitions, one—the scientific exhibition— 
being held in a specially constructed hall adjoining the Palais des 
Nations, and the other being held in the Palais des Expositions 
in the city itself. Together they contained the largest collection 
of atomic energy equipment and materials exhibits ever assembled 
in the world. 

The dependence of the future of atomic energy development 
both for power production and for other industrial purposes on 
the development of new engineering materials such as zirconium, 
beryllium, and niobium and on the development of new forms 
of already well-known types of materials such as concrete, 
plastics, graphite and ceramics, was strikingly demonstrated. 


One of the outstanding exhibits in the British section, for 
example, was a new type of ceramic uranium fuel element which 
is being tested for operation in the P.L.U.T.O. reactor at the 
Atomic Energy Research Establishment, Harwell, at temperatures 
of the order of 800 deg. C. This was exhibited by the de 
Havilland Nuclear Power group. 


Both Imperial Chemical Industries and Tube Investments Ltd. 
showed novel developments in the field of zirconium, titanium, 
vanadium, niobium, and other alloys, which can be used for 
either cladding uranium fuel elements of reactor furnaces, or for 
structural purposes in the construction of reactors. Thus, I.C.I. 
exhibited a titanium ingot weighing nearly two tons, which is the 
largest ingot of this metal yet made in Europe. The same company 
also showed examples of the zirconium fuel element support 
brackets which are to be used in the Berkeley nuclear power 
station, togetner with a series of new zirconium alloys for use in 
nuclear engineering and examples of the Integron finned tubing 
for use in heat exchangers. Nearly 400 miles of this material— 
which has been specially developed for use in nuclear engineering 
—made in steel have already been produced for use in the 
Berkeley and Bradwell power stations. The material can, 
however, be made in several metals. T.I. likewise showed a 
variety of new types of heat exchanger tubes made in mild steel, 
chromium molybdenum alloy steel and other materials, and some 
impressive fuel element cans made from beryllium. 


Heat exchanger units and reactor components made from 
zirconium were also shown by W. C. Heraeus of Germany and 
by several American companies, including the Carborundum Co. 

In the field of more conventional materials that have been 
adapted and intensively developed in new forms for atomic 
energy purposes, the U.K. General Electric Company’s graphite, 
which is completely impermeable to gases, and which is designed 
for use as a fuel canning material for reactor furnaces operating 
at extremely high temperatures is of especial interest. Details of 
its performance were demonstrated on the stand, where a 
graphite tube was charged with carbon dioxide gas (which is 
used for removing the heat in U.K. nuclear reactor furnaces) at 
a pressure of ten atmospheres and a temperature of more than 
500 deg. C., while the outside of the tube is maintained in a 
vacuum. Even under these stringent conditions there was no 
leakage of gas from inside the tube to the outside. 

Nuclear Graphite Limited (which is a jointly-owned subsidiary 
of the Morgan Crucible Co. and the A. E. I. John Thomson 
Nuclear Energy Co.) also demonstrated a number of new develop- 
ments in their field of graphite products, including the techniques 
which they have developed for use in machining this material. 
Union Carbide International Company also had an impressive 
demonstration of their work in the field of graphite technology 
together with some very striking canning and reactor engineering 
fabrications made from tantalum, vanadium, and niobium. 

Plastics were well represented in both exhibitions both in the 
form of special boron and cadmium filled compounds—for use as 
lightweight radiation absorbing materials for shielding purposes in 
reactor construction and the handling of radioisotopes—and in 
the form of irradiated plastics having special physical and 
mechanical properties of benefit to non-atomic industrial users. 
Even oils were represented; for example, by the Shell Petroleum 
Co. Special oils have had to be developed for use in the lubrica- 
tion of both nuclear reactor parts and the equipment used in 
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plants concerned in the manufacture and processing of radio- 
active materials. Shell radiation-resistant lubricating oils and 
greases, which were developed as a result of research at the 
Thornton Research centre in the U.K. and the U.S.A., are now 
being supplied on commercial contract to nuclear research 
establishments not only in the U.S. and the U.K. but also in 
France, Denmark, Norway and Sweden. 

An actual working demonstration of the importance of these 
newly developed materials and methods of fabrication was shown 
in the two operating nuclear research reactors exhibited by the 
U.S. Atomic Energy Commission and the operating experimental 
apparatus for research into controlled thermonuclear power 
demonstrated both by the U.S. A.E.C. and by the United King- 
dom Atomic Energy Authority at the Palais des Nations scientific 
exhibition. 


Farnborough Air Show 


VERTICAL TAKE-OFF and guided missiles provided the emphasis 
this year at the aircraft industry’s shop-window—the Society of 
British Aircraft Constructor’s exhibition at Farnborough. 

Specialised plastics were much in prominence, and the plastics 
divisions of some of the major companies, such as dz Havilland 
Aircraft Co. and Bristol Aircratt Co., had some varied and 
interesting products on display. Glass fibre reinforced plastics 
were in evidence in the DH Chipmonk, which employs a hopper 
for agricultural work or a container for normal freight (both in 
this material), .and in the Microc2] exhibit which incluaed for 
the first time their range of rocket launchers in this material. 

In the components field the trend was towards precision and 
miniaturisation, with examples ranging from the Sperry poten- 
tiometer to miniature motors for instrumentation. Non-des- 
tructive testing equipment was well to the forefront with examples 
of the Sperry Introview flaw detector, with particular app‘ication 
to non-ferrous tubes and sections; this instrument works on the 
Eddy current principle and is being further developed for a much 
wider range of applications. 

A completely new range of products was featured by Aero 
Plastics Ltd., a subsidiary of the Fairey Aviation Co. With the 
introduction of their pre-impregnated reinforced materials, they 
are offering to industry products which previously have been 
available only in the U.S. Pre-impregnation means that rein- 
forced plastics material can now be used in the same way as a 
standard laminated material, a development which takes most 
of the responsibility for quality control out of the hands of the 
operators on the shop floor. The materials can be cured by 
conventional methods by pressures of 10 to 200 p.s.i. and at 
temperatures of 93-138 deg. C. 

Shown for the first time by the Solartron Electronic Group Ltd. 
was the Solartron Minispace—the ‘‘electronic slide rule.’’ This 
is a small computer designed to meet the needs of engineers and 
physicists and is a precision desk-side or laboratory tool at a 
very reasonable price. Henry Wiggin & Co.’s stand featured the 
introduction of Nimonic 105, a further heat- and creep-resisting 
alloy in the Nimonic series. It has a greater resistance to creep at 
a very high operating temperature than Nimonic 100, the minimum 
life to rupture at 15,680 p.s.i. 940 deg. C. being 50 hours. 

Plastics laminates for industry by the Coin Insulation Co. 
included products such as spherical bearings for nose-wheel 
units and for gears, and a topping-up nozzle. 


Alloys’ Better Creep Resistance 


A STUDY made by the U.S. National Bureau of Standards indi- 
cates that the creep resistance of nickel-copper alloys is superior 
to that of the parent metals. 

Data produced from tests made at 370 deg. C. and 
480 deg. C. show that a 30-per cent copper alloy was far more 
creep resistant than a 70-per cent. copper alloy, regardless of the 
time under stress. The strengthening effects of alloying were far 
more pronounced as the time at stress was increased and the 
temperature decreased. These observations were confirmed when 
the two alloys were tested at 650 deg. C. 

The experimental results obtained in the study showed a lack of 
strict conformance to any of the known comprehensive theories 
on high-temperature deformation. This was attributed both to 
the initial structure of the specimens and to subsequent structural 
changes during creep. 
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Aircraft sections 
Angles 

Angle beads 

Belt mouldings 
Building system 
components 

Cable covers 
Ceiling joists 

Door frames 

Drum rings 

Floor joists 
Fluorescent lighting 
reflectors 
Greenhouse frames 


Jib built assemblies 
Laths 

Louvres 
Ornamental trim 
Prefabricated 
components 
Refrigerator frames 
Roof trusses 
Skirting ‘‘boards” 
Suspension strips 
Textile machinery 
parts 

Venetian blind strip 
Welding assemblies 


We produce metal sections by a 
variety of methods, each offering 
particular advantages in accuracy, 
quality, delivery and price. 


Metsec sections are used to make 
Buildings, Joists, Trusses, Buses and 
a million other things you use every 
day. 

Ask us about your problem. 


Metal Sections Ita 
OLDBURY - BIRMINGHAM 


Telephone: BROadwell 1541 


October, 1958 


3 | 4 i 
a 


EMD 28 for further information 


Costs slashed—by this new method of jig production 


If you are interested in producing drill jigs, 

reference models, checking fixtures and other tools 

possessing high strength, durability, lightness and dimensional stability, 

as well as being warp free, corrosion-resistant and easy to repair... 

and you wish to produce these tools at room temperature 

quickly and cheaply by simple techniques. . . 

you should ask for details of these important developments quoting No. E.E.2 


EPIKOTE | epoxy Resins 


SHELL CHEMICAL COMPANY LIMITED. In association with Petrochemicals Limited and Styrene Products Limited. 

Divisional Offices: LONDON: Norman House, Strand, W.C.2. Tel: temple Bar 4455. BIRMINGHAM: 14-20, Corporation Street, 2. 

Tel: Midland 6954-8. MANCHESTER : 144-6, Deansgate. Tel : Deansgate 6451. GLasGow : 124, St. Vincent Street, C.2. Tel : Glasgow Central 9561. 
BELFAST : 35-37, Boyne Square. Tel: Belfast 26094. puBLIN: 53, Middle Abbey Street. Tel: Dublin 45775. 


“EPIKOTE"’ is o Registered Trade Mark 
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Engineering Materials 


THE GHALLENGE OF MATERIALS 


T HE most remarkable feature of the age in which we 
live is the tremendous and still accelerating pace of 
advancement in every branch of technology. This has 
created many new demands, not the least of which is 
the need for developing new and better materials. On 
the one hand, there are new technologies, such as 
nuclear engineering and guided missiles, which involve 
conditions of temperature, speed and pressure under 
which traditional materials would quickly break down. 
On the other hand, there are vast technological changes 
in older industries, brought about by more stringent 
requirements on the part of the buyer, keener competi- 
tion and the necessity for large-scale output, all of 
which call for intensive mechanisation and constant 
renewal and redesign of plant and machinery. Here, 
too, progress demands the adoption of new materials. 

To meet these needs, there has been a fantastic 
development since the war of new metals, plastics and 
ceramics. It is often difficult to decide which came first, 
the new material or the demand for it. Whatever may 
be the order of events, the engineering designer is now 
confronted with a bewildering and rapidly increasing 
range of materials which he ignores at his peril. 

Progress has been rapid and far-reaching in every 
class of material. In metals, a vast group of new alloys 
has been produced, each with special advantages; one 
may combine lightness with high strength, another may 
be suited to high-temperature working, another may 
pessess complete resistance to certain corrosive condi- 
tions. Simultaneously, in the last five years, there has 
been unceasing activity in the development for indus- 
trial purposes of metals and alloys which had long 
been known but had hitherto been rare and costly sub- 
stances. Among these are titanium, beryllium, zirco- 
nium and tantalum, which are finding new uses and 
have such great possibilities that production is being 
stepped up, with the consequence that costs can be 
reduced and this, in turn, will make these metals avail- 
able for a still wider range of applications. 

Plastics have made spectacular advances. In only 
ten years, from 1948 to 1958, output in this country has 
risen from 90,000 to over 400,000 tons per annum, no 
small part of which finds its way into engineering. 
Equally remarkable has been the emergence and large- 
scale application, within a very few years, of completely 
new types of plastics. Some of these, for example, the 
epoxy, polyester and polyurethane groups, which are 
now widely used, were unknown or only just beginning 
to be heard of ten years ago. 

All the indications are that further tremendous 
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changes will take place in the next ten years. Hardly a 
month goes by without news of some new alloy, and 
the recent International High-Polymer Conference at 
Nottingham showed very clearly that scientists are still 
busily engaged in the search for new plastics. Work 
that is in the laboratory stage now may very well be 
influencing the engineering designer in a few years’ 
time: to quote one instance, the announcement that 
certain polymers can be successfully “grafted” on to 
others may hold endless possibilities for the engineering 
industries of the future. 

But further developments in materials will be deter- 
mined not so much by what the metallurgists and 
chemists will do as by what sort of economic conditions 
will exist in the years ahead. Here there can be no 
certainty, but if the pattern of recent years is any guide 
there will be no slackening in the rate of technological 
advance—in other words, there will be a further growth 
of new industries, a continued high rate of mechanisa- 
tion and plant renewal throughout industry and a per- 
sistent upward swing, despite occasional setbacks, in 
the demand for consumer durables, from cars to wash- 
ing machines, which now forms such an important part 
of the engineering industries’ output. 

For the engineering designer, these events can have 
only one meaning—that he must produce new products, 
frequently re-design the old ones and all the time strive 
to keep costs to the minimum. In doing this he must 
take full advantage of the new materials—including 
new components—and to be well informed of design 
and material developments in branches of engineering 
other than his own. 

At present, it is impossible for a designer to keep 
fully in touch with what is happening in materials and 
their application, because so much information remains 
unpublished, or is scattered through numerous highly 
specialised publications dealing with a particular pro- 
duct or industry and, in any case, is not usually written 
with the designer in mind. Again, what is being done by 
designers in one industry does not come to the know- 
ledge of designers in other industries, although it may 
have great value for them. 

It is to fill that gap in knowledge that ENGINEERING 
MATERIALS AND DESIGN has been brought into exis- 
tence. In its articles, reports and data sheets it will 
provide the designer with up-to-date and authoritative 
information on materials and components and will also 
constitute a medium whereby cross-fertilisation can take 
place between the ideas and experiences of one branch 
of engineering design and another. 
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Fig. 1. “Aeroweb” honey- 

comb panel before bending, 

showing outer skins, core and 
Redux films. 

{Photo by (ARL) 


NEW, SANDWICH MATERIAL APPLICATIONS 


by A. HOLT* 


The growing technique of sandwich construction is finding new uses in many 
fields of industry. Here are examined the possibilities of these cored materials 


which provide good strength-weight ratio, stiffness and insulation 


N many applications the ultimate aim of engineering 

designers in selecting suitable materials is to achieve 
optimum properties for a minimum weight which will 
result in operational economy and/or ease of handling. 
Selection on the basis of stiffness has been much in evi- 
dence particularly in airborne applications, and in widely 
varying industries it is gradually being realised that sand- 
wich construction provides satisfactory answers to many 
problems where weight saving is necessary, but where 
retention of stiffness is equally important. 

Sandwich construction consists (like the edible variety) 
of facings performing the duty of the bread and a lightweight 
shear-resistant core material representing the meat. Unlike 
the meat-and-bread combination, however, the virtue of the 
structural sandwich lies in the stiffness of the facings and 
the core as well as the effectiveness of the attachment in 
uniting the individual units. 

To appreciate how a high degree of stiffness is achieved 
in a sandwich panel, consider a metal sheet placed on one 


* Head of process development department, engineering research division, 
A. V. Roe & Co. Ltd. 
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edge, as indicated in Figure 3, under a compressive load 
the sheet will bow due to the lack of stability and bending 
stiffness. Assuming that the sheet is now split into two 
thinner sheets of equal thickness, as in Figure 4, and that 
these are attached each side of a lightweight core capable 
of transmitting shear, the result—at the cost of the extra 
weight of the core, and adhesive, if used—would be a 
sandwich panel having good bending stiffness and conse- 
quent stability under compressive loads. 

The fact is that the core provides for effective stabilisation 
of the facing plates and, if this support has adequate shear 
stiffness, there is no reason why the thinnest sheet should 
not develop the full strength of the material in compression. 

From this it is apparent that sandwich construction for 
structural requirements is more suitably employed in appli- 
cations which are subjected to compression, flexure and 
torsion. Weight saving, good dimensional stability under 
load, clean surface appearance, elimination of internal 
structural support members, good thermal and acoustical 
insulation are a few of the advantages which this form of 
construction offers. ~} 
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STRUCTURE 


*BUDD’ WAFFLE 
PLATE 


“PLACAROL’ 
CURLED WOOD 


Fig. 2. Section of sandwich configurations commonly used in 
engineering. 


LOAD TO CAUSE 
FAILURE IN TENSION 
=50,400 LBS. 


LOAD TO CAUSE 
FAILURE IN COMPRESSION 
(BUCKLING AS SHOWN) 
= 235°5 LBS. 


4} 


Fig. 3. Instability of single plate under compressive loading. 


THICKNESS OF 
LOAD TO CAUSE FACINGS = $ 
FAILURE IN TENSION 


= 50,400 LBS. 


LOAD TO CAUSE 
FAILURE IN COMPRESSION 
= 49,500 LBS. 


CORE 


Fig. 4. Increase in compressive loading by ‘tabilising outer skins. 


Innumerable combinations of facing and core, not to 
mention the method of attachment, have been tried over the 
years, starting in 1845 with the construction of the Britannia 
Tubular railway bridge in North Wales, upon which the 
first recorded examples of sandwich construction were used. 
In those early days reliance was placed on conventional 
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materials as well as conventional methods of attachment, 
but as the science has developed the materials and tech- 
niques have become more and more sophisticated. To say 
this, however, does not imply complication and difficulty. 
The developments mentioned have been aimed principally 
at reducing the weight of the sandwich panels and/or 
increasing the stiffness and strength, and for these considera- 
tions it is easy to see why the advances in the science have 
been mainly in the field of aircraft engineering, where stiff- 
ness and minimum weight are of paramount importance. 

As already stated, sandwich panels, in order to be efficient, 
must be light and, therefore, the bulkiest part of the sand- 
wich, namely the core, requires to be made of the lightest 
possible medium, or the medium, if dense, must be orien- 
tated in such a way that the major portion of the bulk con- 
sists of air (as in the honeycomb core). Any core which is 
going to fulfil these requirements will, in itself, be relatively 
fragile but, when united to the facings by efficient methods, 
offers the stabilising effect which allows the facings to work 
at high stress levels without buckling. It will be seen that 
the old axiom “unity is strength” is well fulfilled by sand- 
wich structures where the individual components assembled 
together produce panels which are incredibly stiff by com- 
parison with the individual materials. 

The theoretical aspect of sandwich construction does 
not fall within the scope of this survey. The tables and 
graphs given on the folding sheet at the end of this article 
present to the designer a ready means of logically deter- 
mining the material and technique to be selected for any 
given application. The cost of sandwich construction has 
recently become of greater significance with increased in- 
dustrial applications, and a relative index of costs, by 
volume, is given in the appropriate tables. 


Sandwich Combinations 

In Table 1 can be seen the various cores, facings and 
attachment methods, as well as the suitability of particular 
combinations, The characteristics, such as weight, strength, 
stiffness and thermal conductivity, which are plainly of 
importance to the designer, are outlined in the tables. 

Using Table 2 and the graphs in Figure 11 together, it 
should not be difficult to predict the properties of most 
honeycomb cores when it is remembered that the thermal 
conductivity and tensile and compressive strengths are 
directly related to density, and that the modulus of rigidity 
is substantially proportional to the value of E. 

Table 3 provides the necessary basic information for 
the design of the face panels and examination of the con- 
tents shows that for the metals it is possible to specify precise 
values, but for some of the plastics and non-metals a range 
of values is quoted. This is particularly true of the reinforced 
plastics, where the reinforcement has a marked effect upon 
the characteristics and the range of values is very wide. It 
can be assumed, however, that for any particular reinforce- 
ment the values will vary in proportion to the density. 

For purposes of presentation, Table 4 has been divided 
into two broad categories; namely, adhesive methods and 
mechanical methods; each of these categories is subdivided 
into the different types. 

For the benefit of those who are unfamiliar with the newer 
types of adhesives, those which are mentioned in the text 
are considered individually below, with the salient features 
emphasised. 

EpoxipE—This is a very high-strength adhesive particu- 
larly suitable for metal-to-metal bonding. Dependent upon 
the particular activating system used, the setting up of the 
adhesive can be achieved either at room temperature or at 
temperatures as high as 200 deg. C.; for either condition, 
the pressure required is generally quite small and, on occa- 
sions, contact pressure only will suffice. 

MopIFIED PHENOLICS—The adhesives in this group are 
essentially hot-setting varieties and require temperatures of 
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Fig. 5. Honeycomb insert filled with insulating or refractory 
material. 
(Photo courtesy of Causeway Reinforcement Co. Ltd.) 


THERMAL AND ACOUSTIC INSULATION 


In this type of panel the emphasis is on the bulkiest 
medium, i.e., the core, because in themselves the facings, 
which are relatively thin, do not present a good thermal 
or acoustic barrier. The metal-type cores are generally 
undesirable and preference is given to the foamed plastics 
cores, followed closely by materials such as balsa wood. 

Suitable for industrial refrigerator panelling; firewalls; 
tropical and arctic house roofing and walling; re- 
frigerated vehicles. 


ELECTRICAL INSULATION 


Where rigidity is important as well as electrical 
insulation, these requirements can readily be met by 
numerous combinations of facing and core. 


Fig. 8. Part of a honeycomb panel cut away to show local inserts 

for light loads. Alternatively a two-piece spool (bottom right) 

may be fitted under each attachment. Heavier loads require 

members indicated by typical sections extending to the panel 
edge members. 
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Fig. 6. Rigidity and good electrical insulation is obtained in 
this radar control reflector screen with resinated asbestos skins 
stablised with paper honeycomb. (Photo: Dufaylite Developments Ltd.) 


Suitable for high-tension switchgear; racking for 
electrical gear; radomes; miscellaneous electrical panels. 


GOOD RIGIDITY 

Panels which fall into this category are mainly metal 
corrugations also with metal facings, or metal or glass- 
cloth honeycomb cores with either metal or glass- 
reinforced laminate facings. 

Suitable for vehicle bodies (mainly slab-sided lorries 
and trailers); caravan construction; aircraft structural 
components; radar aerials; road tankers; lightweight 
crates for air transport; railway wagon and coach 
construction; transport buildings; panelling for lifts; 
lightweight garage and hangar doors; boat hulls and 
bulkheads; self-supporting trunking; towed flight targets; 
external pressure vessels; ships’ internal panelling and 


about 150 deg. C. coupled with relatively high pressures 
which are at least 30 p.s.i. and may be as high as 150 p.s.i. 
Joints made with this type of adhesive are very strong and, 
in addition, have good resistance to peeling loads. These 
adhesives can be supplied either as liquid / powder combina- 
tions or in the form of films on a fine glasscloth backing. 
During the curing cycle, volatiles are given off and in the 
case of honeycomb cells these must be perforated to facili- 
tate the removal of the volatiles. 

STRAIGHT PHENOLIC—This is a liquid phenol-formalde- 
hyde resin normally used in conjunction with phenolic lami- 
nates and which is applied to the structure by dipping, 
spraying or brushing and then subsequently curing under 
pressure and temperature, this temperature being in the 
region of 150 deg. C. The resulting bond strengths are not 
so high as those from the epoxides or modified phenolics 
and, in addition, are much more brittle. The straight 
phenolic adhesive, however, does have one feature not 
present in the other two and that is the ability to withstand 
higher temperatures. 

RussBer BaseED—These are generally solutions of rubber 
in volatile liquids which are applied by brush to the surfaces 
to be joined. Adhesion is brought about by solvent loss, this 
reaction being accelerated, if desired, by the action of slight 
heat. 

PHENOL AND UREA FORMALDEHYDE (WooD ADHESIVES)— 
Adhesives of this type are in liquid form and an activator 
is used to harden the adhesive in the joint, pressure being 
maintained during the curing cycle. These adhesives are 
generally used only for timber-to-timber joints and, whilst 
giving an adequate bond, cannot be considered in the same 
category as epoxides or modified phenolics. 

The mechanical methods used for attachment are fairly 
well known, but a short review of the processes used would 
be useful here. 
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Fig. 7. Typical aircraft trailing-edge section where stiffness 
and of contour are 
hoto courtesy of A. V. Roe & Co, 


— lightweight ships’ masts; oscillating 
tables for textile machines. 


Spot WELDING—This consists of making a joint between 
two metals by the passage of a very high current through 
copper or copper-alloy electrodes placed either side of the 
joint to be made. These electrodes press the sheets firmly 
together under very high pressures, and the resistance to the 
current offered by the sheet interface is sufficient to raise 
the metal in the area below the electrode to melting point. 
The two sheets are thus fused together over an area of about 
tin. to 4 in. in diameter, 

This outlines the process for straightforward joints. In 
the manufacture of sandwich panels, however, particularly 
those of the corrugated type, it is necessary to weld faces 
each side of the core; in order to pass the heavy current from 
one face to the other, an intermediate electrode is necessary, 
which may be actuated in sequence with the welding cycle 
so that it can be retracted to its minimum depth during 
passage from one spot position to the next, but extended to 
completely fill the corrugation space at the time the welding 
takes place (this device is the subject of a patent application). 

SEAM WELDING—The technique for seam welding is pre- 
cisely the same as that for spot welding, except that for the 
copper electrodes a copper wheel is used each side of the 
joint. Passage of the current is through the joint from the 
edge of one wheel to the edge of the other. The welding 
current is interrupted as the wheels rotate and the result is 
a number of welds somewhat like spot welds which are 
overlapped to form a seam. 

BrazING—In brazing, the metallic parts to be joined are 
laid together to form a sandwich and the brazing material 
is pre-placed in the joint areas. Thus, by the use of suitable 
fluxes and the application of temperatures in excess of the 
liquidus of the brazing material—but below that of the 
metallic parts being joined—the brazing material will flow 
into the joint areas. Therefore, during the brazing operation 
the brazing material is drawn by capillary attraction into 
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EXPLODED VIEW OF TYPICAL JOINT 
BETWEEN TWO SANDWICH PANELS 


SUPPORT MEMBER~ LL | RIVETS 


ALTERNATIVE METHOD OF ATTACHING 
PANELS TO THE SUPPORT MEMBER 


FLUSH JOINT USING SANDWICH INSERT 
BETWEEN OUTER FACINGS OF PANEL 


FLUSH JOINT USING FABRICATED 
INTERNAL MEMBERS 


|sanow 


STAGGERED JOINT WITH ONE FLUSH 
SURFACE AND SANDWICH INSERT 


| INSERT | 


SINGLZ FLUSH SURFACE JOINT 
WITH SANDWICH INSERT 


TWO PANELS JOINED AT 
RIGHT ANGLES WITH 
PROTECTIVE ANGLE AT 
INTERNAL AND EXTERNAL | 
CORNERS 


SPOTWELD OR OR ‘ADHESIVE’ 


(FIG. 9) METHOD OF JOINING SANDWICH PANELS 
: 
RiveTs 
FLUSH JOINT USING EXTRUDED MEMBER 
POTWELDS 
D 
® 
RIVETS 
Bos 
= 
* 
= 
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MEMBER WITH Two 


ATTACHMENT FLANGES 


INTEGRAL EDGE MEMBER 


INTERNAL 


“REVERSED INTERNAL 
CHANNEL MEMBER 


REVERSED EXTERNAL 
CHANNEL MEMBER 


WOOD INSERT 


Z-~SECTION BOUNDARY 
MEMBER 


EXTRUDED BOUNDARY 
MEMBER 


RECTANGULAR SECTION 
TUBE BOUNDARY MEMBER | 


— 


LAP JOINT USING | 
EXTRUDED MEMBERS 


Sections showing typical methods of edging sandwich panels. 


the joints and will “wet out” over the surface of the face 
materials. On cooling, as long as the component parts are 
held together, the brazing material will solidify and hold 
the parts together. Joints made by this technique are ex- 
tremely strong and rigid. Specialised brazing techniques in 
respect of honeycomb sandwich structures are the subject 
of patent application. 

The essential feature of a sandwich panel application is 
to carry distributed loads over the greatest possible area. 
Therefore, some consideration has to be given to diffusing 
concentrated loads into the structure at some local point; 
for instance, the circumstances which arise in attaching a 
wing panel to a fuselage. These problems can be overcome 
by inserting during manufacture a suitably shaped diffusion 
member between the two faces of the sandwich, and which 
is attached to the surface by the method of attachment used 
for the sandwich. In the case of honeycomb sandwich these 
diffusion members often consist of flat bars, the same depth 
as the core and tapering to a point. Such attachments are 
remarkably efficient and loads can often be applied which 
will fail the facing before the diffusion member will pull out. 

Another problem facing the users of sandwich panels is 
that, subsequent to manufacture, it may be necessary to fit 
a heavy piece of equipment to the face of the panel. As the 
core is relatively fragile, and as no provision has been made 
in the design for the inclusion of a strong point, steps have 
to be taken to insert such an attachment. A number of 
designs for strong points have been developed which are 
the subject of patent application, and which rely upon drill- 
ing a suitably-sized hole in the panel followed by the inser- 
tion of a two- or three-part component which is usually 
assembled by the action of inserting the attachment bolt. 

Figure 9 illustrates the way in which the sandwich may 
be attached to other panels, and Figure 10 shows suitable 
terminating devices for panel edge, etc. 

It is most important in the case of structural panels to 
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control the process most meticulously, because effective 
visual inspection of the completed panel is not possible. 
However, in addition to the careful control of the process, 
it has proved possible to inspect sandwich panels non- 
destructively by the use of equipment for assessing honey- 
comb bonds and which selectively inspects the surface of 
the panel. 

One method of inspection is by comparing the deflection 
of a small area of facing with a similar panel known to 
possess a satisfactory bond. An example of this type of 
equipment has been developed by A. V. Roe & Co. Ltd. 
and consists of a metal tripod fitted with plastic skirting 
cup which may be evacuated, thus applying a differential 
pressure to the honeycomb facing, this pressure being 
directly proportional to an applied load. The deflection of 
the area of facing material under test is conveyed 
mechanically and electronically by means of a strain- 
gauged transducer diaphragm to an amplifier within a 
control cabinet which indicates on a meter set in the top 
of the tripod the degree of deflection, thus indicating 
whether the panel has been satisfactorily bonded. 

A different approach to inspection of honeycomb bond- 
ing is made by the Magnaflux Corporation of America. 
In this method, known as Bondcheck, the surface is 
sprayed with a specially formulated fluid that is repelled 
by heat and tends to flow to the coolest area on a metal 
surface. By applying a controlled heat from a high-inten- 
sity infra-red lamp, the visible fluid flows to the coolest 
area, which is the point of attachment of the honeycomb 
core to the facings. Thus a complete pattern of the area is 
recorded on the external surface and areas of defective 
bond are shown as gaps in the pattern. 

Two differing methods which could be used for bond 
inspection are fluoroscopy, where the image is viewed 
directly on a fluorescent screen, and by resonance using 
a piezo-electric crystal. 
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TABLE 
Suitability of various combinations of ¢ 


Metals 
Engineering Materials 32 3: 
< < za 
and Design < 
NEW SANDWICH <)>) 0 
MATERIAL APPLICATIONS 
Solid Balsawood GIN|N] FIN|IN] FININ] PININ] PININ| PININIGININ 
Honeycomb | Resin impregnated Paper GININ] FININIGININ] PININ] PININ] PININIGININ 
DATA SHEET Resin impregnated Glasscloth} GIN|N| FININ|GININIGININIGININ]| PININIGININ 
Aluminium PININ| PININ| PININIGININ 
Mild Steel PININ| PININIGIN|G| PIN] P| PIN| PI PIN] P| PININ 
Stainless Steel PININ| F] PINIG| 
Contains: Fig. Titanium PININ] PININIGININ| PIN| PIGIN|GI PIN] P| PININ 
Tables |, 2, 3, 4 and 5 [Cellular | Foamed Polyvinyl Chloride | PININ| PININIGININ 
Foamed Polyurethane PININ] PININIGIN|N 
Foamed Polystyrene PININ| PININIGININ 
Corrugated | Aluminium and Alloys GIGIN|G| P]N| PININ| PININ| PININ] PININ| PININ 
Magnesium Alloys G| PIN|G| PIN| PININ| PININ| PININ| PININ| PININ 
Mild Steel’ PININ| PININIGIG| PI FL EIN] PININ| PININ 
Stainless Steel PININ] PININ] P] PIGIGIG| P| FP] FL P| PININ 
Titanium Alloys P} PIN] PININ| PININ| P] FIN|GIG|G| P| P| P|NIN 
Nimonic 100 PININ| PININ] PININ] P| FIPIGIGIG| PININ 
Specials “Placarol” Curled Wood PININ] PININ] PININ] PINTN| PININ] PININIG|NIN 
® se Waffle Plate 055 
Sc 
Note:—Where is indicated the NOTATION 
comments would be applicable G — Good 
to riveting. F — Fair 
N — Not ible 
° P — Possible but not recommen 
— Mainly for decorative pu’ 
— Core and facings of same ma 


TABLE 2 
Cores for sandwich panels. Facings 
Flatwise Thermal Uitimate 
Material Density | Compressive | Shear Modulus Conductivity Tensile 0.1% Proof Young’s 
at Room Temp. Material Strength Strength Modulus : 
Ib. /ft.? p.s.i. p.s.i. cal/cm/°C/sec. psi psi x 10° : 
Solid Balsa 7.0 900 17,000 0001138 Aluminium (Hard Rolled) 18,000 9.9 
Aluminium Alloy 61,000 47,000 10 : 
in Impregnat 18/8 Stainless Steel 
cell x 003" x1” 42 00024 #520 Stainless Steel 145,000 137,000 27.2 
18/8 Stainless Steel pid a 4 472 2300 213,000 ‘00128 Titanium 318A 140,000 127,000 15 
Ti 150 Titanium 1.700 406,000 {00132 Nimonic 100 180,000 119,000 31 
Nimonic 100 a ete 17.8 2,500 230,000 .00224 Medium Carbon Steel 63,000 000 29 
Glass Fabric Rein. ic - 
Aluminium Alloy 84 195,000 00896 Acrylic Sheet 9,000 _ 0.45 
agnesium Alloy 5.4 135,000* 01064 Rigid P.V.C. Sheet 4,000-8,000 0.45-0.6 
intess Asbestos Reinforced Phenolic 1 
FV 520 Stainless Steel 24.2 via 565,000* 00102 Paper Reinforced Phenolic 13,500 - _ 
Ti 150 Titanium 14.2 352.000* 00114 Wood Veneer Laminate (3) 17000 
Ti 318A Titanium Alloy “ 14.5 - 360,000* .000504 
Asbestos Sheet 2,200 1.5 
Nimonic 100 25.1 647,000* 00196 PI 14 
Glats Sheet _ _ 10-11 
* In the direction of the Corrugations 
(1) Firth Vickers Ltd. (2) Type of Glass Reinforcement profoundly affects properti 
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TABLE | 
Suitability of various combinations of cores, fa 


Metals 
< 2 a 3 
3 3 = 3 z 
MATERIAL 
Balsawood GININ] FININ] FININI PININ] PININ| PININIGININ/IGININ IG 
Resin impregnated Paper GININ] FININIGININ] PININ] PININ] [G 
Resin impregnated Glasscloth} G]N|N/ PININIGININIGININ [G 
Aluminium PININ] PININ| PININ[TGININIGININ 
Mild Steel PININ] PININIGIN{IG] PIN] P| PIL PIN] P| PININ] PININ] P 
Stainless Steel PININ] IN| Fi PINIG] PININ| PININ] P 
Titanium PININ| PININIGININ| PIG PIN] P| PININ] PININ|P 
Foamed Polyviny! Chloride | PININ] PININIGININIGININIG 
Foamed Polyurethane PININ] PININIGININIGININ[G 
Foamed Polystyrene GININIGININIGININIGININ] PININ] PININIGININTGININTG 
Aluminium and Alloys GIGIN|G| PIN| PININ| PININ| PININ] PININ] PIN|N| PININ] F 
Magnesium Alloys GI] PINIG| PIN] PININ| PININ| PININ| PININ] PININ] PININ] P 
Mild Steel” FL FI PL FL FINIPININ| PININ/ PININ/P 
Stainless Steel PININ] PININ] P| P| PIGIGIG] P| P] FL PININ] PININ[F 
Titanium Alloys PL PIN] PININ] PININ] FINIG/G/G] P| F] P| PININ] PININ] F 
Nimonic 100 PININ] PININ] PININ| PL FIP] PL FIPIGIGIG!] PININ| PININ/P 
“Placarol” Curled Wood PININ] PININ] PININ] PININ] PININ] PININIGININIGININIG 
e:—Where weldi is indicated the NOTATION 
comments would be equally applicable G — Good 
to riveting. F — Fair 
N — Not possible 
— Mainly for decorative purposes 
Core ant of material 
TABL 
Facings for san 
Ultimate 
Tensile 0.1%, Proof Young’s Flex 
Material Strength Strength Modulus Stre 
psi psi x 10° psi> 
Aluminium (Hard Rolled) 18,000 a 9.9 - 
Aluminium Alloy 61,000 47,000 10 - 
Magnesium Alloy 38,000 24,600 6.4 - 
198 Stainless Steel 117,000-156,000 | 90,000-112,000 25.8 - 
FV520 Stainless Steel (1)}° 145,000 137,000 27.2 - 
Titanium T. 150 80,000 67,000 15 - 
Titanium 318A 140,000 127,000 15 - 
Nimonic 100 180,000 119,000 31 - 
Medium Carbon Steel 63,000 36,000 - 
Cotton Fabric Rein. Phenolic 13,000-19,000 20. 
Glass Fabric Rein. Phenolic 15,000-35,000 a — 18. 
» Polyester 20,000-50,000 20. 
” » Epoxide 15,000-70,000 20. 
» Silicone (2) | 11,000-30,000 13. 
= Acrylic Sheet 9,000 _ 0.45 - 
Rigid P.V.C. Sheet 4,000-8, 0.45-0.6 - 
Styrene Copolymer Sheet (4) | 5,000-12,000 0.4-0.5 - 
Asbestos Reinforced Phenolic 18,000 — 1.7 - 
Paper Reinforced Phenolic 13,500 i 1 
Wood Veneer Laminate (3) 17,000 -- — 1 
Asbestos Sheet 2,200 _ 1.5 6. 
Plywood 14 - 
Glats Sheet 10-11 
(1) Firth Vickers Ltd. (2) Type of Glass Reinforcement profoundly affects properties and co: 
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for sandwich panels. 


PININ|PININ] PININ] FININ| PININIGININIGININ/] PININ] PININ] PININ] PININ 
PININ 
PININ| PININ]| PININ] PININ] PININ] PININ] PININ] PININ] PININ] PININ] PININ 
PININ/PININ| PININ] PININ] PININ] PININIGININ] PININ] PININIGININ] PININ 
PININ] PININ] PININ] PIN/IN] PININ] PININ] PININ] PININ] PININ] PININ 
PININ] PININ] PININ] PININ] PININ|-PININ] PININ] PININ] PININ] PININ] PININ 
PININ]PININ] PININ] PININ] PININ] PININ] PININ] PININ] PININ] PININ] P/NIN 
PININ] PININIGININ/IGININ] FINININININ 
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STAINLESS STEEL 16/6 
TITANIUM T.1.15O 
——-— NIMONIC 100 
20-0 
180 
w — 
12Sin. *250in. in. 500 in. 
HEXAGON CELL Size (A/c FLATS) 
10-0 
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Fig. 11. Honeycomb core densities. 
Method of 
Core Facing Attachment 
Solid Balsa Plywood Phenol or A | Normal woodwor 
Res. Imp. Paper Honeycomb | Plywood ——e A [Di ed, 
es. Imp. enol or core edges an 
Urea-Formaldehyde hesive 
» Glasseloth Alum. Alloy | Epoxide (hot set) | A 
Polyester/ Polyester A | Use facing lam 
” ” ” ” Asbestos/ poxi set) core edges an 
Phenolic adhesive 
Aluminium Honeycomb Alum. Alloy Epoxide (hot set) A — edges an 
ive 
Alum. Al Modified Phenolic A core edges an 
liquid pl 
” ” Paper/Phenolic |Epoxide (cold set) A be core edges an 
esive 
” ” Plywood Epoxide (cold set) | A | Dip core edges an 
adhesive 
” ” Sheet Glass Acrylic A [Coat edges of 
adhesive 
Carbon Steel Honeycomb Carbon Steel Copper/Silver B | Assemble compos 
foil between core 
fluxes necessary 
” ” Asbestos Board | Straight Phenolic core edges an 
esive 
Stainless Steel Honeycomb Stainless Steel | Copper/Silver B | Assemble compo 
foil between core 
Ti Honeycomb Ti All | Alloy B T 
itanium itanium Alloy pecia! xperiment ec 
Foamed Polyvinyichloride Rigid P.V.C. Synthetic Rubber | A Apply t 
and assemble 
Foamed Polyurethane Paper/Phenolic | Synthetic Rubber A Apply adhesive t 
Foamed Pol Cc bbe: A 
ystyrene Synthetic rubber pply ve 
Styrene Sheet wad 
Corrugated Al. Al Alum. Alloy Spot w 
em Mag. Alloy Magnesium Alloy} Spot w Assemble cor 
” Carbon Stee! Carbon Steel Spot w and spot wel 
Stainless Stee! Stainless Stee! | Spot wir spo 
» Titanium Alloy Titanium Alloy | Spot w } intermediate | 
Nimonic 100 Nimonic 1 
Curled rea-Formaldehyde| A | Apply adhesive 
assemble | 


A=Adhesive. B=Brazing. W=W 
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‘ TAB 
Attachment 
Surface Prep. 
Type Required 
Metals—Chemical Etch Can be used in liqui 
form for hot curing 
a Epoxide Plastics—Abrade Best adhesive for fi 
8 Phenolic Plastics—Abrade Generally requires 
: Modified Phenolic Metals—Chemical Etch Heat and pressure 
| Phenol or None Applied in an aque¢ 
3 Urea-Formaldehyde Sometimes heated 
= | Rubber Base Freedom from Grease. | Applied as a solu 
Generally none re- | simplifies assembly. 
quired. 
| Spot Welding Chemical etch or 
H scratch Brush 
eved. Gi 
= 
a Riveting None Small capital outla 
at good attachment e 
3 Brazing High degree of clean- | Highly specialised 
S liness required usually | materials are costl 
achieved with chemical 
etch. 
* This ignores cap 
TABLE 5 
Properties of various sandwich panels. 
gf Index Temp. 
Temp | Pressure Static | Fatigue | Creep Approx. 
| woodworking practice _ - F G G P 70°C Burns 
re edges and coat facings with | Room | Light G G G P 70°C Burns r 
150° Light G G G F 100°C Facing 
cing laminating resin as | 100°C | Light G G G P 7°C 
edges and con facings with ]150°C | Light G G G 110°C Sores 
. edges and coat facings with | 160°C- | Light E E G F 110°C Good 
and and coat with | 150°C | Moderate G F 100°C Good 
edges coat with | Room | Light F-G G G P 70°C 
nf edges and coat facings with | Room | Light -G G G P 
edges of core only with | Room | Contact - 
le components with brazing | 700°C | Light E E G E 300°C 
— core and facing. Specia 
re edges and cont facings with | 150°C | Moderate F 150°C 
ble components with brazing} 650°C | Light E E G E 300°C 
ween core and facings. Special | 700°C 
mental Techniq — 300°C 
ee to on and facings | Room | Contact F F G P 70°C 
sdhesive to core and facings | Room | Contact F F F P 70°C 
‘adhesive to core and facings} Room | Contact F F G P 70°C 
semble 
date E E G 150°C 
emble corrugation to facing] — E G 150°C 
| spot weld. Attach other} — - E E G G 300°C 
spot welding using an} — = E E E E 400°C 
iate electrode. E E G E 400°C 
to facings and | 100° | Moderate F G F P 70°C 
W=Welding. R=Riveting. E=Excellent, G=Good. F=Fair. P=Poor. (1) Burns fiercely, if i 


TABLE 4 


Attachment methods. 


Surface Prep. Cost 
Required Processing Features 
1 =Cheapest 
Metals—Chemical Etch Can be used in liquid form or paste form for cold curing and solid or powder 
form for hot curing. Only contact pressure is necessary. 
Plastics—Abrade Best adhesive for fillet forming. 5 
Plastics—Abrade Generally requires heat and pressure for Curing. 2 
Metals—Chemical Etch Heat and pressure essential for curing. Available in solution form or in film. 4 
None Applied in an aqueous solution.Only assembly pressure required. 1 
de Sometimes heated to assist cure. 
Freedom from Grease. | Applied as a solution. Contact pressure only required. High “tack” 
Generally none re- | simplifies assembly. 3 
quired. 
Chemical etch or 
scratch Brush Specialist equipment required. Very high rates of production can be 1% 
achieved. Gives very high attachment efficiency. r od 
None Small capital oie Relatively speedy. Depending upon rivets used, a 
good attachment efficiency is realised. 3 
High degree of clean- | Highly specialised techniques needed to guarantee reliability. Brazing 
liness required usually | materials are costly. : 4 
achieved with chemical 
* This ignores capital equipment. 
BLE 5 
rious sandwich panels. 
Strength Flammabili Special Featu 
ity res 
Index Temp. (by vel) 
Alum, Alloy 
e Static | Fatigue | Creep Approx. Honeycomb =1 
F G G P 70°C Burns readily 0.32 Mainly used for flat panels. 
G G G P 70°C Burns readily 0.33 May be used without specialist equipment. 
G G G F 100°C Facing protect core 1.14 Good thermal insulation with serviceable facings. 
G G G P 70°C Burns readily unless 1.83 Used for radar transparencies. 
resin is treated 
G G G F 110°C Burns slowly 1.08 Excellent thermal insulation 
E E G F 110°C Good resistance 1.00 Good structural material 
te E E G F 100°C Good resistance 0.90 Good structural material. 
F-G G G P 70°C Facing protects core 0.66 Useful for light duty and decorative panelling. 
G G P Burns readily 0.69 ” 
With heat, mechani- 0.38 Excellent decorative material. 
damage results 
E E G E 300°C Excellent resistance 4.44 Technique requiring specialist knowledge and equipment. 
te G P P 150°C Excellent resistance 0.60 Would make a good fire barrier. 
E E G E 300°C Excellent resistance 6.00 Excellent structural material for elevated temp. use 
E E G E 300°C Excellent resistance 120.00 Experimental—still under development. 
F F G P 70°C Self extinguishing 0.30 Excellent thermal insulation at low temperatures. 
F F F P 70°C Facings burn readily 0.30 ” ” ” wo” es 
F F G P 70°C Burns readily 0.30 ” ” ” » % 
E E E G 150°C Excellent resistance 0.90 Good structural material for flat on single curvature panels 
E E F G 150°C 1) Good resistance 1.80 ” ” ” oe ” ” 
E G G 300°C xcellent resistance 0.72 ” ” ” 
E E G E 400°C Excellent resistance 43.20 
F G F P 70°C Burns Readily 0.24 Good thermal insulation and decorative properties. 
lent, G=Good. F=Fair. P=Poor. (1) Burns fiercely, if ignition temperature is reached. 
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Fig. 1. Titanium-bodied gas- 
turbine powered car—Firebird 
Il. (Photo courtesy of General 
Motors Corp.) 


EXTENDING THE USES OF TITANIUM 


Titanium has become well established in the aircraft industry. 


In this article 


the characteristics of the metal are outlined, recent developments are described 
and the possibilities of applying it more widely in engineering are examined 


O other metal has received more publicity in recent 

times than titanium. The element was discovered 167 
years ago, but only in the last ten to twelve years has it 
risen to its present position of importance, largely through 
the interest taken in it by the aircraft industry. The cur- 
rent recession in and the reorientation of that industry 
raises the question of the future of the metal and makes it 
necessary to probe beneath the glamour which surrounds 
it. 

It is important to consider how far it satisfies the basic 
needs of designers in engineering industries outside air- 
craft manufacture, those needs being high specific mech- 
anical properties, ability to be fabricated and machined 
with the minimum of preparation and specialised equip- 
ment, and a cost as low as is consistent with the properties 
necessary for its particular application. 

Before an impartial evaluation can be made it is neces- 
sary to define clearly the salient features of titanium. Of 
these, the most important to the engineering industries is 
its high cost, which is due to the difficulties of extracting 
and subsequent processing. If the demand were such that 
producing units could work to full capacity, the cost of mill 
products could be reduced by as much as 50 per cent, but 
until prices fall the demand will be held in check. Imperial 
Chemical Industries Ltd. and Wm. Jessop & Son Ltd. have 
made a series of price reductions, the latter offering 
special terms to users who are experimenting and develop- 
ing manufacturing techniques. These are practical steps in 
the right direction, and should enable titanium to gain a 
foothold in industries not at present disposed to give it 
much thought. The price of titanium has dropped from 
approximately £18,000 per ton in 1950 to £7,000 per ton, 
but it is still extremely expensive. 

It is obvious that a titanium part will not be substituted 
for one in a conventional material unless it offers greatly 
improved physical and mechanical properties, consider- 
ably longer life, lower maintenance costs, lower fabri- 
cation costs, or a combination of all four. In many appli- 
cations it can meet those requirements, but probably more 
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important than the substitution of titanium for existing 
materials are the entirely new fields of application. 

Before dealing in detail with the mechanical and 
physical properties of titanium and their relation to the 
application of the material, it is desirable to mention the 
three well-known solid phase relationships in which the 
metal exists metallurgically. These are the low-temperature 
form with hexagonal close-packed crystal structures known 
as alpha titanium (<), the high-temperature form above 
882:5 deg. C. with body-centred cubic structure known as 
beta titanium (8) and a combination of alpha and beta 
known as the alpha + beta (a + £). 

The metal at present offered to industry falls into the 
alpha group, which contains the commercially pure 
titanium of high ductility, and the alpha + beta group, 
which are strong but difficult to fabricate. The beta 
titanium is inherently unstable, but for this group of alloys 
there is undoubtedly a future if and when sufficient de- 
velopment work has been carried out to reduce their 
brittleness at high temperatures, and they should then 
exhibit a very high strength at elevated temperatures, with 
an improved resistance to corrosion. 


Attractive Strength/Weight Ratio 

For the aircraft industry the greatest attraction is its 
strength-to-weight ratio at room and elevated tempera- 
ture. About half the density of steel, it has a relatively 
low modulus of elasticity which varies from 15 to 17 xX 
10° p.s.i. 

Structural rigidity may be increased by recourse to 
sandwich construction which, with modern techniques in 
resistance welding and adhesives, allows a high shear flow 
to be realised. 

Weight saving is not confined to the aircraft industry. 
Where a high acceleration or velocity is required in prime 
movers and mechanisms, titanium can be attractive, since 
for the same effort acceleration is inversely proportional to 
mass. In this sphere the applications of titanium are widely 
diverse, covering such components as high-speed camera 
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Fig. 2. Strength of spot weld in titanium. 


shutters, instruments, connecting rods 
engines, and parts of gas turbines. 

Where elevated temperatures are encountered the alloys 
show a high degree of strength up to approximately 500 
deg. C., after which there is a fairly rapid drop. The 
strength of the commercially pure titanium declines more 
uniformly as shown in Figure 3, but at a lower level of 
strength. 

In common with most other metals, titanium is notch 
sensitive, but at room temperatures it exhibits a high 
fatigue strength, provided the surface is carefully prepared 
and is free from defects. From the S/N curve in Figure 4, 
it will be noted that the fatigue limit is well defined, the 
curves thereafter running practically parallel to the base 
line. This characteristic should be of advantage to the 
designer, as the fatigue life is practically independent of 
the number of reversals when the working stress is below 
the lower limit defined by the S/N curve. 

Titanium thus has an advantage over steel and light 
alloys where fatigue is a consideration, and relative to the 
number of reversals, the high stress at which it may be 
worked may well outweigh its initial cost. Typical ex- 
amples of this are titanium springs (see Figure 5), but 
note should be taken of the low E value and the surface 
condition of drawn wire. The latter condition may be im- 
proved by sheathing the titanium in copper before draw- 
ing, thus protecting the surface and assisting to prevent 
the inclusion of impurities at elevated temperatures. 

An examination of the creep properties reveals one of 
the disadvantages of titanium, since the commercially pure 
material undergoes creep even at normal room tempera- 
tures, although cold working will improve its resistance. 
The creep resistance has a direct relationship to ductility 
but, in general, creep problems are not met with parts 
made from commercially-pure titanium. 

The titanium alloys show a significantly improved resist- 
ance to creep, and many are specially developed for this 
purpose. For such examples as a turbine disc the gain by 
using titanium is accumulative. Because of its lightness, 
the centrifugal forces, and therefore the stresses, are re- 
duced, thus contributing to a further reduction of material. 
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When in rubbing contact titanium shows a marked ten- 
dency towards localised pressure welds and to “pick-up”. 
Among the various treatments which may be given to 
prevent this action are molybdenum disulphide lubricants, 
electroplating chrome or molybdenum, case-hardening by 
heating in nitrogen or ammonia (depth up to 0-001 in.) 
and by the Albright & Wilson Kanigen non-electrical 
process and the I.C.I. Sulfinuz process. 

Titanium exhibits one of its greatest potentials (see 
Figure 6) in its corrosion resistance. It is highly resistant 
to most corrosive liquids and can be further improved 


TABLE |. Titanium available to industry. 


Fig. 4. Fatigue curve for titanium at room temperature (reversed 
direct stresses). 
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by raising the electrical potential of the titanium above 
that which would be normally attained in a corrosive 
medium. 

Though heat transference has been much improved 
where titanium has replaced such materials as rubber, 
ceramics, plastics and glass, thermal conductivity is only 
one of the variables. In many cases the controlling vari- 
able may be the characteristics of the protective oxide film 
of the metal or of the corrosion products, and under these 
conditions titanium may be the most efficient material. An 
example of this is the jacketed kettle shown in Figure 7. 
An additional consideration which allows titanium to 


COMPARATIVE 
WEIGHTS 


contribute to the thermal efficiency of a system is that the 
engineer may specify thinner sections. Higher strength, 
lower corrosion rates and titani.m’s freedom from stress 
corrosion cracking make such design modifications possible. 

Welded joints in most of the alpha-beta alloys are, how- 
ever, brittle, even when contamination is negligible, and 
subsequent heat treatment will not fully restore the 
original properties. 

The formation of sound spot welds in the commercially- 
pure and in the alloys is a straightforward operation using 
conventional equipment, provided the work surface is 
absolutely clean. The strength of these welds is indicated 
by curves in Figure 2. 

Extrusions are possible and, depending on complexity, 
may be produced free from any coarse boundary layer of 
indifferent mechanical properties. 

Castings, though technically possible, are not yet a com- 
mercial proposition as special moulds and the need to 
carry out the casting in vacuo make the present cost 
prohibitive. 

Drop forgings are widely used in the aircraft industry 
and may be produced satisfactorily, but again the cost 
must be considered, together with reduced die life, because 
of the lower temperatures and consequent higher pressures. 
Where size and shape demand high forging temperatures, 
an increase in grain size is inevitable, although this can be 
teduced by successive working. 


Recent Developments 
POWDER METALLURGY 
Powder metallurgy at one period was considered as a 
method of producing titanium more cheaply; although out 
of favour at present, it still offers possibilities, since it 
compacts very well. High pressures are required and con- 
sequently dies are expensive, but for a long production 
tun there could be an ultimate saving. Limits on sintered 
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parts can be maintained at ++, in. and their strength is 
comparable to parts made from arc-melted titanium. Com- 
ponents made by powder metallurgy methods show a 
definite saving of basic titanium sponge: 1-7 lb. of sponge 
will produce a 1-lb. finished machined part by sintering, 
whereas 8 lb. sponge may be required for a 1-lb. part pro- 
duced by melting, forming and machining. All sintering 
must be done in vacuo. 
FoIL 

In this country, foil can now be produced in a thickness 
as low as 0-002 in. for the commercially-pure and 0-015 
in. for alloy titanium. This offers, together with newly- 


Fig. 5 (extreme left). Tita- 
nium springs. (Photo cour- 
tesy of Herbert Terry & 
Sons Ltd.) 


Fig. 6. Gas/liquid nozzles. 
Left—a mild steel nozzle 
after a few days’ service; 
right—I.C.|. titanium nozzle 
of two months’ service. 


Fig. 7. Five-gallon steam- 
jacketed kettle in titanium, 
40 p.s.i. working pressure. 
(Photo courtesy of B. H. 
Hubbert & Son Inc.) 


developed techniques for resistance welding of sandwich 
construction, an all-titanium constructional material 
inherently stiff, strong, and with a resistance to corrosion 
for a low weight. The American Silver Co. Inc. claims to 
have produced foil in the form of 8-in. wide strip to a 
thickness of 0:0005 +0-0001 in.- 
CLADDING 

The clad materials, as distinct from a lining material, 
offer reduced cost, both on raw material and in fabrica- 
tion, for at present many components (cylindrical con- 
tainers) are lined with titanium which, in effect, is doing 
one job twice over. To produce the clad materials titanium 
is rolled with a base metal within a copper sheath to 
exclude any contaminating elements, to form in effect a 
single sheet, each metal retaining its own property. Certain 
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deleterious inter-metallic compounds may be formed, 
however, which may affect the adherence of titanium to 
the base metal when forming. 

SHEATH ROLLING 

This process enables a higher rolling temperature to be 
used without risk of contaminating the heated titanium 
which is enclosed between two sheets of a base material, 
such as copper, the edges of which are sealed. The advan- 
tages of such a process are rather negated by having to 
strip off the base metal after the final roll, but no doubt 
research will simplify this operation. 

PLATING 

Plating titanium on to a base metal to give a corrosion- 
resistant coating has, according to American sources, been 
successfully carried out and this may be a development 
which will have considerable applications until the price of 
titanium can be reduced. 

A process of flame spraying titanium particles has a big 
advantage in that the piece to be coated does not appreci- 
ably rise in temperature under the process, but it is neces- 
sary to etch the surface to ensure absolute adhesion of the 
coating. At present, even with thicknesses of 0-001 in. and 
upwards, the coating is porous and must be taken into 
account. 

Vapour-deposited coatings previously mentioned have 
limitations set by the need to carry out the process at high 
temperatures which, in some instances, may be above the 
transition point of titanium. Diffusion of the coatings, 
which may be porous, may, however, affect the properties 
of the titanium. 

Diffusion coatings and interstitial dispersion are not 
likely to be a practical proposition with titanium, since 
with the latter the interstitial elements are likely to react 
with the titanium more readily than the other elements 
which could be alloyed with it. 


Applications 

The aircraft industry was the major outlet for titanium 
and, within its present commitments, large quantities are 
still used, both in the airframe and the power units. 
Bearing in mind the need for weight saving in this sphere 
(where 1 lb. weight saved on structure can represent as 
much as £1,000 in revenue over the life of a large aero- 
plane), load-carrying fasteners as well as nuts and bolts 
are now being produced in titanium. 

In high-speed moving parts, such as may be found in 
the internal combustion engine and gas turbine, titanium 
has already found a limited place. Compressor blades at 
certain stages are almost commonplace (Figure 9), while 
the compressor rotor of the Pratt and Whitney J-57 turbo- 
jet engine is an all-titanium assembly. A few British 
engines carry all-titanium rotors, but increased cost has 
not been considered worth the advantages gained. Titanium 
connecting rods have already been used in a certain British 
racing-car engine, but this latter application is unlikely to 
be extended to commercial engines. 

The largest potential outlet for titanium is in the 
chemical and food industry where the absence of con- 
tamination makes possible new chemical reactions for- 
merly impractical on an industrial scale. 

A typical component used in the chemical industry is 
an impeller for a plant leaching cobalt arsenic sulphide 
concentrates at high pressures in temperatures of 200 deg. 
C.; this outlasted impellers made from other materials in 
the ratio of four years to a few hours. 

Typical uses in the marine world would be propellers, 
stabilisers and rudders on small craft, where reduced 
maintenance and power requirements would be the benefit. 
Whereas these components previously may have been cast, 
the process of fabrication could be advantageous. Experi- 
mental propellers have, in fact, been considered and made, 
and one may expect to hear more of this in the future. 
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Fig. 8. Pressure tanks made from two hemis- 
pherical spinnings welded together for the Atlas 
missile and the North American Aviation X15 
research aircraft. (Photo courtesy of Titanium 
Metal Corp. of America.) 


Fig. 9. All-titanium compressor rotor for J-57 
Pratt & Whitney turbo-jet. (Photo courtesy of 
Titanium Metals Corp. of America.) 


Fig. 10. Quick-release titanium load-carryin 
fastener. (Photo courtesy of King Aircraft Corp 
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The applications to marine instruments and parts sub- 
jected to sea spray provides a fertile medium for 
development. 

High-speed shutter mechanisms for cameras provides 
another example of the possibilities for titanium, while 
vessels made from the metal are being used in the photo- 
graphic processing industry and cause less contamination to 
the liquid they contain than the steel vessels previously used. 

In nuclear engineering titanium has been used for 
manipulating equipment partly because of its low weight 
and mechanical properties and partly because it has a 
short half-life after irradiation. 

One of the most recent applications of titanium is in a 
thermocouple for measuring the temperatures of the fuel 
elements in its nuclear reactors. This has introduced the 
problem of making a gastight joint between the stainless- 
steel-sheathed thermocouple and the finned fuel element 
container made of magnesium alloy. Figure 13 shows a 
method in which an intermediate metal, titanium, is used. 
Stainless steel can be joined to the alloy by direct brazing, 
but the joint is inadequate at the working temperatures. 
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Fig. 13. Thermo-couple using titanium as an intermediary 
between stainless-steel probe and finned magnesium-allo 
casing. (Photo courtesy of British Welding Research Assoc. 


Fig. 11. Titanium yacht anchor weighing 20 Ib., and 44 per cent 
lighter than its equivalent in steel. (Photo courtesy of Mallory- 
Sharon Metals Corp.) 


A titanium stud was formed on a titanium disc resistance 
welded to the magnesium end cap and, after the stud had 
been drilled, the stainless-steel sheath was inserted and 
high-frequency brazed to it in an inert atmosphere using 
silver solder. 

In the American car industry titanium has been used 
experimentally for the exhaust systems where heat, water 
and exhaust gases necessitate a frequent replacement of 
these parts when made from conventional materials. 

A further development is the production of expanded 
mesh which may have applications in filters, and where a 
metallic bonding agent is required in ceramics. This may 
also take the form of a textured metal which, in addition 
to being used in a decorative sense, obviously has uses 
in such components as cores for fabric-type filters and 
shrouds for jet engines where the additional stiffness im- 
parted by the pattern is an advantage. Titanium in the 
form of pure wire mesh is already being used quite ex- 
tensively in the chemical industry. 


Acknowledgment is made to British and foreign titanium producers and users 
for certain information in this article. 


RESISTAN 
TO 
CORROSION 


INTER-RELATED PROPERTIES 


STRENGTH/WT 
RATIO 
TREATMENT 


RUBBING 
PARTS PARTS | 


COMPONENTS AND STRUCTURES 
IN AIRBORNE VEHICLES : 
AND MISSILES 


PROTECTION 


PROPERTIES AT 
ELEVATED 

TEMPERATURES 


IRRADIATION 
| SHORT LIFE 


COMPONENTS IN | 
HEAT ENGINES & 
FOR THERMAL 


~MECHANICAL 
HANDLING) | 


CHEMICAL 
INDUSTRY 


MARINE 
ENGINEERING & 
INSTRUMENTS 


Fig. 12. Properties and applications of titanium. 
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Fig. 14. Titanium pack for filtering 
sodium hypochlorite. (Photo 
courtesy of Metafiltration Co.) 
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Fig. 1. Selector for choosing materials conforming simultaneously 
to four requisites. (Photo courtesy of Mond Nickel Co.) 
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An examination of the problem of materials selection and of the need for a new 


subject in selection for design with its specialist knowledge and techniques 


. 


By A. J. KENNEDY, Ph.D., A.M.I.E.E., F.Inst.P.* 


HE development of materials technology is influenced 

and guided by two main spheres of activity: en- 
gineering design and demand on the one hand and ad- 
vances in materials science and production on the other. 
Each, in turn, exerts its influence, and progress in modern 
technology may often be reduced to a process of adapta- 
tion, or reconciliation, between these twin considerations 
of design and materials. 

In comparatively recent times, say the last twenty years 
or so, quite new difficulties have arisen in this field. In 
part, these result from the greater variety of the materials 
available, but more profound complications than this exist 
which, on analysis, reveal the inadequacy of our present 
selection methods. We have not, as yet, begun to deal with 
this as a subject in its own right, and sooner or later 
some serious attempt will have to be made to reorganise 
our materials information, and the way we use this in- 
formation, into more fruitful and flexible forms. We may 
be assured that the present selection methods cannot con- 
tinue to serve us in technological situations where materials 
are working under limited life conditions of great com- 
plexity. New methods are needed which will, in turn, 
influence the very nature of our testing procedures and 
the way in which data are derived from the results of 
such tests. While certain hopeful developments have been 


* Professor of Materials and Metallurgy, College of Aero- 
nautics, Cranfield. 
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made in recent years, it is true to say that many difficul- 
ties remain which appear at the present time to prevent 
altogether the establishment of a selection procedure 
capable of handling the more complicated conditions. 
These difficulties will not be surmounted unless the subject 
is treated as an important one, worthy of specialist re- 
search and investment. Granted this, it may well be pos- 
sible to make a real advance in this field within the next 
five to ten years. Certainly some such attempt will have 
to be made before long. 


The Nature of the Selection Problem 

If only one design consideration enters into the selection 
of the material for a particular component (as, for 
example, strength at a fixed temperature), then the logical 
process of selection is trivial, even though, if a large 
number of possible materials exist, the collection of data 
may be laborious. 

Much of engineering design in the past has involved 
little more than this. As soon as a second consideration 
arises (such as corrosion resistance, or ductility, or light- 
ness) then the process of selection involves judgment, in 
that an appropriate balance between the different proper- 
ties has to be achieved. When specifications can be drawn 
up for particular applications in which the minimum 
requirements, for each of the quantities involved, can be 
laid down, then the process of selection is still (logically) 
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trivial, even though the amount of testing required may be 
considerable and expensive. Given the data, selection 
methods may be mechanised, at least in part, provided 
the conditions imposed are simple ones. An example of 
such a system is that constructed for demonstration pur- 
poses by the Mond Nickel Co. In this equipment, the 
optimum material is indicated automatically when the 
conditions are imposed by the throwing of the relevant 
switches. The extension of such a selector to a wider 
range of materials and conditions would obviously be 
helpful, but it must be emphasised that such a selector 
does no more than (effectively) consult tables of data. Its 
response is, in fact, built-in by its designer in the light of 
his study of such tables. This needs to be underlined, 
because future developments may well be of a quite dif- 
ferent character, as will be indicated later. 

It will be evident that selection in this simple form 
depends upon the ability to define certain test parameters 
(creep life at a given stress and temperature, for example) 
and to set an acceptable minimum for such parameters. 
From the design point of view, this may not always be 
possible and may in any case be inaccurate. If the machine 
in question is being run discontinuously, under cyclic 
conditions of temperature and stress for example, then 
how can the designer represent his requirements in a form 
suitable for material selection? Again, much of design is 
based upon the result of uniaxial stressing, whereas the 
important practical cases usually involve biaxial, or even 
triaxial stress systems. 

The fact is that at present this kind of difficulty has not 
been surmounted. Usually, the apparently worst case is 
designed for, but unfortunately the errors may be large, 
and the results uneconomical. Indeed, it may not be at 
all apparent, without more detailed study, just what the 
worst case is. 

The first requirement in advancing the subject is the 
establishment of the right parameters which may be taken 
to represent the properties of the material, and in terms 
of which prediction is at least theoretically possible. This 
in itself is a quite special field of study, and the amount 
of research involved is prodigious. Taking creep alone as 
an example, the number of constants required to specify 
the creep of a given material over ranges of (fixed) stress 
and (fixed) temperature is not small. Opinions differ, but 
few would propose a number less than six, and many more 
may be required. But even this kind of description is 
insufficient in itself, because the creep may be affected by 
other processes such as fatigue, and we therefore have to 
introduce the effects of such interaction into the design 
considerations. It is also insufficient in itself, because the 
parameters must be of such a kind that they are appli- 
cable not merely to fixed conditions of stress and tem- 
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perature, but to the general case. The way in which the 
empirical behaviour is expressed (in mathematical terms) 
clearly determines the nature of these parameters, and the 
working out of the most significant set would appear, in 
the first place, to be a matter for physics and metallurgy, 
because the best hope for the evolution of a sensible 
and representative scheme seems to be that based upon 
parameters which express the magnitude of the basic 
physical processes. It may well be that this procedure will 
prove, even so, too complicated in development, and 
approximations may certainly be necessary, but to start 
from an apparently simpler empiricism may very well prave 
to be a worse course when the more complex cases come 
to be handled. In other words, attempts to express the 
history-dependent behaviour of materials must be based 
upon a proper appraisal of the constituent processes if 
the complicated technological cases are to be reduced to 
reasonable proportions. 


The Nature of the Selection Process 

The ideal selective process may be looked upon as one 
in which the fully-descriptive set of parameters for a 
material is set up on a machine (or computer, as it may 
be called), the required user-conditions then being im- 
posed upon it, and a result derived indicative of the 
behaviour. Each of these stages is difficult. The right kind 
of parameters may very well be different from those which 
conventional tests yield, and it may be expected that a 
closer examination of the problem will in turn transform 
the nature of some, at least, of our present test pro- 
cedures. As an example, the question of creep and 
fatigue, mentioned above, makes it necessary to establish 
the influence of each on the other, and combined testing 
may well replace much of the separate creep and fatigue 
data-collection which goes on at the present time. Where 
the quantity time enters into the design scheme, it is 
obviously desirable that the ideal computer we have 
postulated should work in a much compressed time-scale. 
This is certainly readily achieved with computers, or 
computer type units generally, the immediate difficulty 
being rather how the parameters in question may be set 
up on the machine. Again, this is a specialist field of 
study, but some progress has been made in producing such 
an electrical analogue computer for the more simple creep 
problems, and there seems to be no great difficulty, in 
theory at least, in its extension to a wider class of con- 
ditions. Whether the type of electrical model developed in 
this context is capable of simulating the characteristics 
of other properties, such as fatigue, is another matter. 

The setting-up of the user conditions on the computer, 
or simulator, raises difficulties of much the same kind. 
Actual possibilities could only be discussed in detailed 


CREEP STRAIN 


Fig. 2 (left). 


Effect of fatigue stress on metals earlier subjected to creep. For longer times of application, 
low fatigue stresses dissipate the work-hardening caused by the previous creep much 


more than high- 


fatigue stresses; but the low stresses produce little or no fatigue damage. Optimum balance between creep 
and fatigue design requirements must therefore be found. 


Fig. 3. Imposition of a fatigue stress during a creep test usually accelerates creep and increases softening 
during the off-load periods, except when the fatigue stress is very high. 
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terms which would be beyond the scope of the present 
article. The basic problem is obviously one of correct 
simulation, in terms of the electrical analogue; once this 
is achieved, then there is no reason why the engineering 
machine under design should net be coupled in, through 
standard transducers, to the computer, and the user con- 
ditions may then be imposed directly, but in real time 
and not in a shortened time-scale. This kind of develop- 
ment seems to be a most fruitful possibility. 

It may be observed here that the simulator of this 
ideal system is a computer in the real sense of the word 
and not merely a data-consulting device. It is, in fact, 
simulating the complex behaviour of a selected material 
and providing answers which cannot, in the light. of 
present knowledge, be obtained by any other method, 
because of the difficulties of the analysis and the magni- 
tude of the approximations involved. 


Requirements of a Comprehensive Process 

We may now review what is required in a comprehen- 
sive selection scheme. In the first place, information is 
required on all the possible alloys and other materials 
under production. This information we may assume to 
be in two forms—conventional and unconventional. The 
conventional data, which we may take to be all that used 
by design at the present time, must be stored in a form 
suitable for rapid consultation: in other words, the 
methods of data-processing need to be applied to the 
problem. It is surprising that so little, to date, has been 
done in this direction. 

The more subtle and difficult considerations, are, how- 
ever, those which relate to what we may call unconven- 
tional data. They arise, as has been said, because the 
standard data, as obtained in the past, are inadequate 
as a basis for the proper assessment of material behaviour 
under more extreme conditions. Nor can we merely ex- 
tend the amount of such conventional data, while retaining 
their basic form, in the hope that greater information, 
and the better organisation and accessibility of such 
information, will meet the requirements. It would be un- 
realistic to contemplate the exhaustive and extensive 
degree of testing required for the full appraisal of every 
material, under the great variety of possible programmes 
to which they may be subjected in practice. It is, there- 
fore, a matter of some concern that a description of 
material behaviour, in terms of representative indices, 
should be evolved which may be used as a basis for the 
construction of an economical system of selection. Such a 
system may still involve, in its final stages, the operation 
of individual judgment, but at least it will reduce the 
questions to ones which are more easily subject to such 
judgment and eliminate much of the present guesswork. 

It is obviously very necessary that such a scheme should 
be allied to a new set of tests which represent more 
adequately the important features of the technological 
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Fig. 4. Stages in a possible selection process. 


operating conditions. The development of such tests, and 
their establishment in the repertoire, therefore forms an 
important field of study in itself. Having been conditioned 
by established practice to think in terms of tests which, 
by their very design, isolate particular properties and 
measure these under fixed and controlled conditions, it is 
difficult to accept with any readiness innovations based 
on a quite different philosophy. We cannot consider the 
behaviour of materials under complex conditions to be 
simply the sum of their responses to the individual con- 
ditions applied in isolation. This we know perfectly well, 
from such examples as stress-corrosion or fatigue- 
accelerated relaxation, and on a small scale these effects 
are recognised by adapting tests accordingly. But the old 
philosophy is deeply entrenched, and there is no great 
readiness to embark upon the evolution of new test pro- 
cedures. 

There are, however, certain additional complications 
which have not so far figured in the arguments. Materials 
are useful only as components in a final assembly. The 
fabrication of these components and the nature of the 
assembly operations, may impose quite special restrictions 
in such matters as formability or heat treatment. If the 
field already discussed is widened even further by intro- 
ducing sequential operations into the conditions it is 
unlikely that any scheme would stand the strain. The most 
sensible view to take seems to be to restrict the assessment 
to material behaviour under the required user conditions 
(the word “material” here naturally embraces such 
material-production variables as those of different heat 
treatment or mechanical working) so that some classifica- 
tion of their quality may be derived as a basis for final 
judgment. In the course of this judgment, special indus- 
trial or economic factors may arise to influence the final 
decision, but these will always exist and cannot be ex- 
cluded from the scheme of things. 

To summarise the situation briefly, we may say that 
there is a pressing need for the creation of a specialist 
study concerned with the selection of materials for tech- 
nological applications. The development of this study 
entails research into a variety of related subjects, physical, 
metallurgical, logical, computational and organisational, 
and it is to be hoped that those concerned with materials 
in technology may feel it worth while to promote and 
encourage efforts along these lines. We can hardly be 
confident at the present time that the best use is being 
made of the materials available to us, and the situation 
grows rapidly more difficult year by year. The institution 
of such researches, and the establishment of a selection 
system, will not be cheap, but in the long-term its results 
could be far-reaching, not merely in providing rapid and 
effective answers to specific design questions, but in posi- 
tively eliminating a vast amount of the expensive and 
time-consuming testing which takes up so much of our 
industrial resources at the present time. 
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SELECTION OF FRACTIONAL 
HORSEPOWER ELECTRIC MOTORS 


Fhp motors are frequently required by engineering designers who may not be 


familiar with their characteristics. 


types of motor available. 


be discussed in a second article in the next issue. 


This review describes the most popular 
Factors affecting the actual selection of motors will 


by H. J. CADOUX, M.A. (Oxon), A.M.1.E.E.* 


ITH the rapid growth of motorisation in mechanical 

equipment, it is important that engineering designers 
should understand the characteristics of the types of f.h.p. 
motors that are available. 

Owing to the very large variety of motors to be con- 
sidered and the impossibility of dealing comprehensively 
with them all, it has been decided to confine this article to 
those types of machine generally available from stock and 
exclude those which have to be individually developed. This 
will exclude such motors as hysteresis, synchronous reluc- 
tance and those types incorporating permanent magnets. 
Servo-motors and “torque” motors for highly specialised 
control operations will also be excluded. 

The types of motor to be described can be seen from 
Figure 1. Of the two broad divisions, a.c. and d.c., the larger 
grouping is of a.c. motors and the virtual extinction of d.c. 
supplies in the last few decades accounts for this. There has, 
however, been a certain revival of interest in d.c. machinery 
in recent years, partly owing to the suitability of these 
motors for variable speed applications. 


Main Types of Motor 


SPLIT - PHASE (RESISTANCE SPLIT- 
PHASE START, INDUCTION-RUN) MOTOR 

Figure 2 shows diagrammatically the arrangement of the 
winding and a speed-torque curve for this type of motor. 
Split-phase motors are the common workhorse for ratings 
between 4 and 4 h.p. They are cheap, robust and their 
performance suits the vast majority of applications. A 
feature of the split-phase (see also capacitor-start) type is 
the mechanically-operated switch which open-circuits the 
start winding at a predetermined speed, usually about 80 
per cent of the synchronous value. The motors are generally 
capable of taking considerable overloads for short periods 
and, as can be seen from the speed/torque curve, the maxi- 
mum torque that the motor can produce is usually somewhat 
over 200 per cent of the full load value. Naturally, this 
torque rating should not be approached in service, but it 
gives an idea of the operating characteristics of the motor 
to a point considerably above the full load value. 

As the start winding heats very rapidly, it is essential that 
the circuit should operate within approximately one second 
of switching on and, as starting torque is generally low, the 


* Manager of research and development laboratory, Ranco Ltd., and until 
recently chief electrical designer for a major f.h.p. motor manufacturer. 
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Fig. 1. Types of f.h.p. 
motor dealt with in 
this article. 


Fig. 2. Split-phase (re- 

sistance split - phase 

start, induction-run) 
motor. 


Fig. 3. Capacitor-start 

(capacitor split-phase 

start, induction-run) 
motor. 


Fig. 4. Capacitor-start, 
capacitor-run motor. 
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motor is not considered suitable for use with loads of high 
inertia. An average value for starting torque is about 150 
per cent full load torque (f.l.t.), though higher values are 
met in practice on some machines. Split-phase machines 
should generally not be used on applications which demand 
more than, say, 75 per cent f.l.t. at starting where the supply 
voltage is liable to vary and local line voltage drop due to 
the high current of starting may occur. 

Motors can be made with values up to and even exceeding 
250 per cent f.1.t., but it must be realised that these torques 
are only obtained at the expense of a very heavy starting 
current. For this reason it is usual to find the listed starting 
torques of motors dropping from, say, a value of approxi- 
mately 200 per cent at } h.p. to perhaps only 120 per cent 
at 4+ h.p. This does not mean that high-torque motors on 
4+ h.p. cannot be made, but it is in the user’s interest not to 
demand of the order of 250 per cent on this rating as, not 
only may much of it be lost at the moment of switching on 
due to voltage drop, but other users may be annoyed by 
severe momentary voltage fluctuation in the local circuitry. 
Starting currents met in practice are of the order of 700-800 
per cent f.l. for normal-torque motors, but up to 1,000 
per cent f.l. on motors with high torque. 

Various alternatives to centrifugally-operated switches to 
open-circuit the start winding after the motor has gained 
speed can be employed. The most popular of these depends 
on the change of current in the main winding during the 
accelerating period operating a small magnetic relay with 
a switch in the starting circuit. Such magnetic devices, how- 
ever, are usually met on small “conventional” type motors 
of, say, 1/100 h.p. to 1/10 h.p., where size precludes a switch 
inside the motor. 

Specialised applications exist for which high-torque 
motors are called for and where the disadvantages of split- 
phase motors do not apply. In general, for a high starting 
torque, the capacitor-start motor should be considered. 


CAPACITOR-START (CAPACITOR SPLIT- 
PHASE START INDUCTION-RUN) MOTOR 


Figure 3 indicates the connections and characteristics of 
this type of motor, and it will be seen that the diagram is 
the same as Figure 2, except that a capacitor has been 
inserted in that branch of the circuit which includes the 
start winding, and that the performance curve has been 
altered, not by an increase in torque on the run condition, 
but by an increase in starting torque and acceleration. The 
addition of the capacitor increases torque and reduces start- 
ing current. As it is necessary, for the best results, for the 
number of start winding turns to be increased, compared 
to a split-phase machine (and thereby slightly increase the 
weight of copper used), the increased cost of a capacitor 
motor is not solely caused by the capacitor. By obtaining 
the right number of turns, however, the designer can con- 
trol the characteristics over a wide range to cater for low 
starting currents or high starting torque. If not otherwise 
specified, a value of 300-400 per cent f.l.t. is usually sup- 
plied, but if a lower torque figure can be tolerated, the 
customer should mention the fact, as some economies can 
be obtained by using a capacitor having a lower value. 

It is usual to employ electrolytic capacitors for this duty. 
These are customarily short-time rated and it is recom- 
mended that, for normal ambient temperatures in this 
country, the total time they are switched on should not 
exceed one minute per hour (i.e., 60 one-second starts, 30 
two-second starts, etc.). 

The wise designer will always try to arrange for the 
capacitor voltage to be somewhat less than the rated value. 
This gives a factor of safety. During the accelerating period, 
the capacitor voltage tends to drop slightly at relatively 
low speeds, but rises very sharply from a slip of about 0-3 
onwards until (if the starting switch fails to open-circuit the 


start-winding circuit) the capacitor voltage might well be 
nearly twice the stated maximum at light running speed. 

Irrespective of the value of starting torque produced, 
between, say, 250-400 per cent f.it., the starting current 
will lie within 350-450 per cent of the full load value. It is 
therefore possible, for a given value of starting torque, 
roughly to halve the split-phase motor current by adopting 
the use of a capacitor motor. A further advantage of the 
capacitor motor over the split-phase type is that the rate 
of temperature rise of the starter winding is much less, so 
that it can be left on the line stalled for approximately 
four times as long. This means that the limiting factor 
tends to become not the motor winding but the capacitor. 

The capacitor motor may be considered for its high start- 
ing torque as suitable for high inertia loads and, owing to 
its low starting-current/starting-torque ratio, has virtually 
superseded the repulsion-start induction motor, although 
this latter machine usually takes even less starting current. 

For a machine with slightly higher efficiency and quieter 
running, the capacitor-start, capacitor-run motor should be 
considered. 


CAPACITOR-START, CAPACITOR-RUN MOTOR 

Figure 4 indicates the connection diagram and it will be 
seen that a further capacitor is in evidence which remains 
in circuit even when the centrifugal switch is open. Little 
change, if any, will be observed in the torque characteris- 
tics, though usually a somewhat higher efficiency will be 
recorded. This extra capacitor will be of the impregnated- 
paper type, and generally rated at approximately twice the 
supply voltage. It is always of a much smaller capacity and 
higher impedance than the electrolytic starting capacitor. 
The characteristics of this type of motor conform closely to 
those of the capacitor-start type. It is of interest where a 
machine of high-starting torque with quieter running, lower 
full-load current and higher efficiency is required. It is, 


{b) Totally-enclosed. 
{fee to courtesy of Newman 
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however, a more expensive motor, as the extra capacitor 
is a relatively costly component. 


PERMANENT-SPLIT CAPACITOR (CaP- 
ACITOR- START AND RUN 

In Figure 7 it is seen that the centrifugal switch and 
electrolytic capacitor have been eliminated, but the paper 
capacitor is retained permanently in circuit during all phases 
of the motor’s operation. The performance graph shows that 
a great deal of starting torque has been lost, but the 
accelerating and running graph is now a continuous one 
and there are no switching discontinuities. Starting torque 
is reduced to roughly 50 per cent of the full load value and 
the speed at full load has also been somewhat reduced. 
These characteristics vary, but the graph shown refers 
particularly to what can be offered for fan duty, where a 
maximum torque is in the region of 150 per cent f.L.t. 
Because of the high impedance of the condenser relative 
to the start winding, the current density in that winding is 
very low at all times and therefore acceleration can be very 
prolonged. Although a disadvantage for many applications, 
its lower starting torque is well suited to those requiring a 
smooth acceleration from a standstill and quiet running. 
The motor can be plug-reversed while running and does not 
need to come to a standstill for this to be done. Certain 
combinations of winding and capacitor create a characteris- 
tic, however, whereby even with plug-reversal, the motor 
will continue to run in the same direction. If plug-reversal 
is required for such a motor therefore, the motor manu- 
facturer should be informed. 

Starting currents are relatively low, of the order of 400 
per cent f.l. current. As for the previous machine described, 
the paper capacitor provides some power-factor correcting 
action under load conditions so that full-load current is low 
compared to other motors of the same rating and charac- 
teristics, these being generally from 1/40 to } h.p. 


Fig. 6, TYPES OF MOUNTING for F.H.P. MOTORS— 


Resilient. 
courtesy of 


SHADED-POLE MoTOR 

This motor operates on different principles and is cheaper 
but less elegant in operation. As will be seen from Figure 8, 
the torque performance is almost exactly as the permanent 
split-type capacitor motor. Starting torque is about the same 
and, for a similar type of duty, e.g., a fan motor, maximum 
torque would also be of the order of 150 per cent f.1.t. 
Other applications are few. The connection diagram does 
not indicate so exactly the internal arrangement as the 
previous diagrams, but serves to show that there are two 
windings as in the previous types, the second being isolated 
from the main circuit. Not shown, however, is that the 
short-circuited turns link with a small proportion on the 
flux of the main winding, and so produce, by a phase dis- 
placement, a rotational field similar to the other machines, 
causing the rotor to revolve. Though one of the commonest 
types of motor, the principle of operation and analysis of 
design are more complex than anything so far considered. 
Only comparatively recently have attempts been made to 
analyse their performance and design and improve their 
efficiency. However well shaded-pole motors are made, they 
are inherently incapable of the overall performance of other 
induction motors. Their use is therefore restricted to appli- 
cations where inefficiency does not matter. One important 
advantage they have is that, although full-load current is 
high compared to other types, with increasing load it tends 
to remain roughly constant. Even when the motor is fully 
stalled the current will be little more than 150 per cent of 
the full-load value. Not so quiet in operation as other types, 
recent efforts made to remedy this defect have met with 
considerable success. 

Cheap and virtually indestructible, it is a popular motor 
where servicing is difficult. The variable speed characteristics 
of both shaded-pole and permanent split-capacitor motors 
render them particularly suitable for fan application. 


(c) Resilient, with belt tensioning. 
of Crompton Parkinson Ltd.) 


(Photo courtesy 


fs) Lug-mounted. 


d) Spigot- or face-mounted. 
courtesy of B.T.-H. Led.) 
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Fig. 7. Permanent- 

split capacitor (cap- 

acitor start and run) 
motor. 


Fig. 8. Shaded-pole 
motor. 


Fig. 9. Repulsion-start 
(induction - run) 
motor. 


Fig. 10. Polyphase 
motor. 


Fig. 11. Variations in 

Starting torque and 

current for the 
motors discussed. 


Fig. 12. Performance 
curves for a j-h.p. 
capacitor motor. 
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REPULSION-START (INDUCTION-RUN) MOTOR 

This motor is strikingly different in both the principle of 
starting it uses and its appearance. All the motors so far 
described normally use rotors with die-cast aluminium or 
copper conductors. Although this motor resembles at a 
casual glance a d.c. machine in that it has a wound rotor 
with commutator and brushes, closer inspection reveals that 
the stator winding is quite different and that the brush system 
is isolated from the external circuit. 

Figure 9 shows the arrangement of connections and the 
speed/torque performance. While at rest and accelerating 
the opposing brushes are directly connected. They are set 
at such an angle that there is a net torque in one direction 
causing the machine to revolve. At a predetermined speed 
a conducting ring automatically short-circuits all the com- 
mutator segments (c.f., action of centrifugally-operated 
switch) and the motor then behaves as a wound-rotor induc- 
tion motor, 

Though still manufactured, these motors are natura!ly 
costly and have lost their popularity. Their high starting- 
torque, low starting current and avoidance of an electrolytic 
capacitor, however, make them attractive for some uses. 


PoLYPHASE MoToR 


Usually designed for operation from a three-phase supply, 
but occasionally also for a two-phase supply, the polyphase 
f.h.p. induction motor has a characteristic essentially similar 
to the larger version in the integral horse-power range, ex- 
cept that the rotor is of relatively high resistance. This is not 
universally true, as certain manufacturers do make poly- 
phase motors with specially designed laminations; generally, 
however, with a predominance in production of single-phase 
ratings, adoption of the same punchings and rotor casting 
tools results automatically in a machine with high rotor- 
resistance characteristics. The connection diagram shown in 
Figure 10 is a common one, the choice of connections shown 
being known as the star connection. Most fractional 
machines between, say, $ and 1 h.p. are supplied with a 
terminal or lead arrangement which will enable either a 
star or delta connection to be made. Figure 10 demonstrates 
the high-torque characteristic and it will be seen that both 
pull-out and starting torque are of approximately the same 
value, somewhat over 300 per cent f.l.t. It will also be seen 
that, because of the speed torque characteristics, full-load 
speed is lower than on single-phase motors of similar rating. 
With a high-torque high-resistance rotor polyphase machine, 
a high value of pull-out and starting torque are inherent if 
the full-load speed is to approximate to the full-load speed 
of a single-phase machine of the same rating. The starting 
current of these machines is usually between 550 and 650 
per cent of the full-load value. If initial tests with single- 
phase machines are successful then the equivalent polyphase 
rating will automatically also be satisfactory. 


UNIVERSAL Motor (FoR A.C. or D.C. SuPPLy) 


This machine is a kind of hybrid, being essentially similar 
to a plain d.c. series motor in operational principle, yet 
because of one or two special features in its construction 
and because the relationship of current vector is the same 
in both field and armature, it is able to operate satisfactorily 
from an a.c. supply, generally over quite a wide range of 
frequencies. The diagram in Figure 13 illustrates the inter- 
connection of field and armature. The speed/torque curve 
shows the operation of a motor designed for a.c./d.c. opera- 
tion under both conditions and the two performance curves 
illustrate how a somewhat better performance can be 
obtained when the motor is operating on d.c. supply. These 
small series-commutator machines find their optimum 
Operating point at speeds usually in the order of 6,000 
rev./min., although they can be very much higher. They 
are found most commonly in the range of horse-powers 
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Fig. 13. Universal a.c./d.c. motor. 


from extremely small values up to a maximum of about 
4 h.p. Compared to straight d.c. machines, commutation is 
bad and, for this reason amongst others, it is usual to think 
of them in terms of intermittent rating. They are of greatest 
use where relatively large outputs are required for short 
periods and where cost is an extremely important factor, 
e.g., cheap mass-produced electrical appliances. 


DIRECT-CURRENT MOTOR 

SHUNT CONNECTED—Figure 14 illustrates connections and 
a speed/torque curve. It will be seen that the characteris- 
tics of this motor allow a reasonable overload to be taken. 

ComMPouUND WounD Motor—Connections shown in Figure 
15 and torque characteristics illustrate the change which has 
taken place by the addition of an extra winding in series 
with the armature, while it will be noted that the regulation 
is somewhat worse than that of a shunt machine. On the 
other hand, there is a very great advantage in the absence 
of sudden speed drop and in the higher starting torque. 
Machines with this characteristic are generally similar to 
those in integral horse-power ratings except that, for frac- 
tionals, machines having more than two poles are rare, 
although they can be designed for a wide range of speeds. 
Additional poles (interpoles), enabling a larger output to be 
obtained efficiently from a given frame, are usually only 
encountered in the larger f.h.p. ratings, or for particular 
applications where there are heavy intermittent overloads. 


SERIES WouNnD Motors 

The characteristic performance of this machine is similar 
to that for a.c./d.c. series commutator motors. The differ- 
ence likely to occur if an f.h.p. motor is ordered for d.c. 
series operation outside the a.c./d.c. sphere is that probably 
the full-load speed will be well below 6,000 rev./min. D.c. 
series motors, though, are rarely met in the fractional range. 

The production of d.c. motors is now very small, the bulk 
being a.c. machines, but there has been a considerable 
resurgence in recent years of the d.c. shunt motor owing 
to its suitability for controlled variable-speed work when 
supplied from a rectified a.c. source. Most of the larger 
motor manufacturers now produce such equipment for d.c. 
shunt wound machines in the form of a rectifier unit with a 
variable voltage-control built in. The two main classes 
obtainable are the grid-controlled thyratron and the metal 
rectifier plus “variac’’ voltage control. Both systems are 
available with and without a form of automatic speed con- 
trol, which depends on the use of a feed-back circuit com- 
pensating for the voltage drop. A very close constant-speed 
characteristic can be obtained over the working speed 
range with these forms of apparatus from no-load to full- 
load. 


Motor Enclosures 
There is a general, but not universal, tendency for small 
motors, other than for specialised applications, to be open. 
For larger machines within the f.h.p. range, drip-proof pro- 
tection is employed. The three main enclosures normally 
met are illustrated in Figure 5 and are known as (a) drip- 
proof (D.P.); (b) totally-enclosed (T.E.); and (c) totally- 
enclosed fan-cooled (T.E.F.C.). 
Naturally, where a small motor is completely enclosed 
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Fig. 14. D.c. motor—shunt connected. 


Fig. 15. D.c. motor—compound wound. 


in a cabinet and there is no danger from moisture, dust or 
accidental touching, there is no purpose in providing any 
sort of protection. The hazards of transport and handling 
are not generally considered to warrant a protective shell 
for these purposes alone. 

Most motors in the f.h.p. range are D.P. protected. The 
precise definition of this can be found in B.S. 170. All that 
really need be considered, however, is that these motors are 
so designed as to prevent the ingress of gently falling water 
in small droplets, the direction of fall being very close to 
the vertical. Machines of this type dissipate roughly equal 
proportions of their losses by radiation from the frame and 
by ventilation through the inlet and outlet ports. A T.E. 
machine, therefore, will only be able to dissipate about half 
the loss of the D.P. machine in the same frame. Assuming 
equal efficiency, a given frame size can accommodate total 
enclosure at only about half the rating it can deal with in 
the D.P. enclosure. 

Falling somewhere between the D.P. and T.E. machines 
in cost is the T.E.F.C. motor, which is provided with an 
additional fan on the motor shaft to force cooling air round 
the carcase. This enables the same frame size to be employed 
for D.P. machines, and there is a marked saving in mag- 
netic material. The T.E.F.C. type is therefore often prefer- 
able to the full T.E. machine. 

Small in-built protection devices for single-phase motors 
are widely available. In these an element sensitive to tem- 
perature variation operates a cut-out in the main supply 
to the motor. By careful proportioning of the internal motor 
ambient and the effect of current heating, very efficient 
protection can be given to motors under almost all con- 
ditions of loading. These devices are generally available 
either for manual or automatic resetting. 

The main British Standard specification controlling the 
electrical performance of f.h.p. motors is B.S. 170 and this 
has remained unrevised, except for minor alterations, since 
1939. The only motors recognised in this standard are 
those made with Class A insulation, which permits a maxi- 
mum temperature rise on the windings of 50 deg. C. Apart 
from some vague indications of starting torque given in 
Appendix C, there is nothing in this specification on elec- 
trical performance to help the engineer seeking to match 
motor performance with his application, but it is hoped 
that the revised standard being prepared will remedy it. 

In contrast, standard specifications for appliances such 
as washing machines and refrigerators, in which the motor 
is very important, are tending to include detailed informa- 
tion on motor performance. 

Our own official standards must always be considered 
in relation to those of other countries, particularly by 
those manufacturers engaged in export business. Despite 
efforts to reduce them, serious inconsistencies between our 
standards and those of other countries sometimes remain. 
In addition to all relevant British Standards, engineers 
should have overseas documents such as CEE, SEMKO, 
KEMA, VDE, CSA, and the NEMA specification which so 
admirably fills the gaps of omission in other specifications. 
Although not necessarily equivalents of B.S. 170, and of 
varying status in their own countries, these constitute an 
effort to set a satisfactory minimum standard for motor 
alone or complete equipment. 
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DESIGNING WITH IMPACT 
EXTRUDED COMPONENTS 


The essential features of the impact extrusion process as applied to non-ferrous 
metals are examined here from the standpoint of the engineering designer 


*By F. HOWARD, A.M.1.Mech.E. 


ESPITE the wide range of everyday articles manu- 

factured by impact extrusion, many people in indus- 
try are still unaware of some of the important advantages 
the process offers for obtaining economical quantity pro- 
duction. In addition to the considerable savings in produc- 
tion costs that can be realised with its use, intricate and 
unusual component designs are possible, and good dimen- 
sional accuracy, finish and improved mechanical properties 
can be obtained. 

The operation of impact extrusion, or cold extrusion as 
it is sometimes called, has now been in use for a consider- 
able number of years. Toothpaste and other collapsible Fig. 1. Diagrammatic layout of a simple backward extrusion. 
tubes manufactured from soft ductile materials such as 
lead, tin and aluminium are among the well-known appli- 
cations of the process. Other applications include a wide 
variety of radio components and packaging containers. 


Continued development of the process, particularly dur- rs 
ing post-war years, has made it possible to produce parts 
of increasing complexity from many non-ferrous materials 
and alloys, thus opening the field for application to 


SLUG IN DIE EXTRUSION COMMENCED EXTRUSION COMPLETED 


various engineering components. 

Useful progress has also been made in developing suc- 
cessful techniques for the cold extrusion of steel. These, 
however, differ in various ways from non-ferrous extrusion 


techniques and esiad - t included = this article. SLUG IN DIE EXTRUSION COMMENCED EXTRUSION COMPLETED 
Impact extrusion is a process in which a metal slug, 

contained within a die, is subjected to pressure or impact Fig. 2. Diagrammatic layout of a simple forward extrusion 

from a punch in such a way that the metal is forced to using a pre-formed slug. 


flow plastically through the annular space formed by the 
radial clearance between the punch and die. 

The components produced by this process are most 
frequently in the form of a hollow shell with a cold-forged 
base and extruded wall; the internal shape and size of the 
component is controlled by the punch profile and the 
exterior of the component by the die profile. Sometimes 
the whole or part of the component may be in the form 
of a solid rod, the diameter in this case usually being con- 
trolled by the die profile. 

The two basic methods of producing impact extrusions 
are usually referred to as backward extrusion and forward 
extrusion. In backward extrusion, shown schematically in 
Fig. 1, the metal flows in the opposite direction to that of 
the punch travel; the extruded component is then usually 
stripped from the punch by a stationary stripper plate 
through which the punch passes. 

In forward extrusion, shown schematically in Fig. 2, 
a pre-formed slug of material is extruded forward through 
the die in the same direction as that of the punch travel. 


Fig. 3. Relationship between peak force and wall thickness 
* Senior research engineer, Production Engineering Research Association for a copper extrusion. 
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By using a tapered pilot on the end of the punch, com- 
ponents with tapered side walls can be produced. 

The backward and forward methods of impact extrusion 
are sometimes combined in a single operation, one example 
being the production of some type of collapsible tubes. 

One of the important advantages of backward extrusion 
is the ease with which different base shapes and thicknesses 
can be provided on the component. Unlike deep drawing 
or cupping, the base thickness is entirely independent of 
the wall size. The operation also lends itself to high-speed 
production using mechanised slug-feeding arrangements. 
The main disadvantage is that the overall length of the 
component is limited by the length of the punch; this can- 
not be made too slender because of the comparatively 
high compressive forces exerted on it. 

The principal advantage of forward extrusion is that 
components with a very high length/diameter ratio can be 
produced in a single operation. Against this must be set 
the disadvantage that pre-formed slugs are necessary, thus 
involving an additional press or extrusion operation. Also, 
particularly with a long component, removal of the extru- 
sion from the punch and die may be difficult and require 
more elaborate tooling. : 

Although Figs. 1 and 2 show, for simplicity, the produc- 
tion of plain circular shells, a very wide variety of com- 
ponent shapes is possible using one or other, or a combina- 
tion of the two, basic extrusion methods. Because of the 
very wide scope of the process, the temptation often 
exists to attempt to apply it to a component which was 
originally designed with other manufacturing operations 
in mind and is not really suitable for extrusion. In such 
cases it is sometimes possible to re-design the component 
to facilitate extrusion, without interfering with the func- 
tional requirements of the component. 

Ideally, however, components should be designed in the 
first instance with extrusion in mind. 


Materials Suitable for Extrusion 

A variety of non-ferrous materials giving a useful range 
of properties can nowadays be used for the production of 
impact extrusions. Table 1 lists some of these materials 
together with the approximate extrusion punch pressures 
required in backward extrusion for various amounts of 
deformation. Pressures for forward extrusion are slightly 
lower than those quoted, but for the purposes of this article 
can be taken as similar. Apart from magnesium and zinc, 
the impact extrusion of most other non-ferrous materials 


Fig. 4. Four typical base sections. 
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TABLE |. Pressures required to impact-extrude various non-ferrous 


materials by the backward process. 
Approx. range of | Reductions applic- 
extrusion punch able to punch 
Material ures required | pressures given 
(ton/sq. in.) (%) 
Aluminium and 
aluminium alloys 30 to 100 60 to 98 
Copper 80 to 150 60 to 93 
Copper alloys 130 to 150 60 to 75 
Magnesium and 
magnesium alloys 20 to 35 85 
Zinc 70 to 120 60 to 85 
Nickel 130 to 150 60 to 80 


TABLE 2. Change in mechanical properties of aluminium after extrusion. 


Material 
Observation Alum- | Alum- | Alum- 
inium inium | inium 
1100! | 3003? | 2014° 
Yield stress | Before extrusion 24 3 74 
(ton/sq. in.) 
After extrusion 15 194 
Tensile Before extrusion 64 8 134 
stress 
(ton/sq. in.) | After extrusion 10 16 23 
1 American Spec. Approx. British Equiv. IC. 
” ” ” ” ” N3. 
3 ” ” ” ” ” H4. 


is usually carried out at room temperature. 

The amount of deformation involved during extrusion 
is usually referred to as the percentage reduction in area 
(R). 

For example, in the case of backward extrusions: 

R = 100 Original area — area of extruded wall 


original area 
With circular backward extrusions, this can be written: 
ies 007° where d = punch diameter 
D’ and D=déie diameter 

With all materials the force required for extrusion in- 
creases with increasing reduction, i.e., with decreasing wall 
thickness. A typical example of the relationship between 
extrusion force and wall thickness is the curve for copper, 
shown in Fig. 3. 

Since the maximum compressive strength of tool 
materials currently available for the manufacture of extru- 
sion punches is in the order of 200 ton/sq. in., it is not 
considered good practice to attempt extrusions under in- 
dustrial conditions that would involve punch loadings 
greater than 150 ton/sq. in. The maximum reductions 
quoted for nickel, copper and copper alloys in Table 1 
have accordingly been based on the latter figure. 

All materials work-harden during impact extrusion, the 
extent depending on the amount of deformation involved. 
With some materials, notably aluminium, a two- or three- 
fold increase in tensile and yield strengths is possible, at 
the expense of a loss in ductility. On the occasions when 
it is possible to use a component in the extruded condition 
(i.e., without annealing), it should be possible to specify 
a softer material than would otherwise be used. For 
example, aluminium extrusions are sometimes used to 
replace deep-drawn components normally produced from 
brass. 


LEAD AND TiIN—These materials were the first to be impact 
extruded, and offer little resistance to plastic flow. Very high 
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Fig. 5. Examples of typical extrusions. (a) Component 
with projections on both sides of base. (b) An asymmetrical 
section. (c) Multi-wall component. 


Fig. 7a (left). Component 
with internal ribs. 


Fig. 7b (below). Typical 
components with external 
fins. Component shown 
bottom left of picture was 
not impact extruded. 
(Photo courtesy of 1.C.1. Led.) 


TABLE 3. General guide to tolerances for backward extrusion aluminium* 


Tolerances (in.) 
Diameter of 
Extrusion (in.) O/Dia. | 1/Dia. | Base 
3 +0-009 +0-010 0-015 
4 +0-011 +0-012 40-015 
5 +0-014 +0-015 40-015 


reductions are possible and wall thicknesses down to 0-003 
in. are stated to have been achieved. Main applications are 
for collapsible tubes. 


ALUMINIUM—More impact extrusions are made from 
aluminium and its alloys than any other non-ferrous 
material. The commercially-pure materials extrude the most 
readily, but little difficulty is experienced with most work- 
hardenable alloys. Some of the heat-treatable alloys are 
extrudable, but with more difficulty, and they require greater 
force. 

Table 2 shows the properties of three aluminium 
materials before and after extrusion. Unfortunately, the 
reduction is not known. The excellent improvement in 
yield strength is particularly noteworthy. 

Aluminium is used extensively for collapsible tubes and 
extruded containers for pharmaceutical and other pro- 
ducts. It is also coming into use for engineering com- 
ponents, replacing brass and, sometimes, steel parts. 
Various applications to aircraft parts have been carried 
out, notably in the U.S.A. 


Coprper—Applications of impact extrusion in copper and 
copper alloys seem very limited. Electrolytic copper ex- 
trudes readily, but requires more force than would appear 
to be necessary, judging from the properties of the 
material, and it is not advisable to attempt reductions of 
greater than 93 per cent. Of the various brasses, those 
with a zinc content of up to 20 per cent will impact- 
extrude, but the forces involved are higher than for copper 
and reductions should be restricted to 75 per cent. With 
70/30 brass, very high punch loads are required and reduc- 
tions should be restricted to 60 per cent. Impact extrusion 
is not satisfactory with 60/40 brass. 

If thin-walled components are required, more than one 
extrusion operation or, alternatively, subsequent drawing 
and ironing operations may be required. Before attempting 
a subsequent operation, the extrusion will require an 
annealing operation to remove the work-hardening and 
restore the structure. 


MAGNESIUM—A fairly recent development, impact extru- 
sion was initially confined to commercially-pure magnesium, 
but is now being applied to various alloys. Extrusion is 
usually carried out with slugs heated to 200 deg. C. to 300 
deg. C. and sometimes, it is reported, up to 400 deg. C. At 
these temperatures, the metal extrudes readily with less force 
than for aluminium and high reductions with wall thick- 
nesses down to 0-006 in. have been reported.’ 

Amongst the interesting properties of magnesium are 
light weight and excellent rigidity, good electrical and heat 
conductivity, and corrosion resistance to many organic 
chemicals, alkaline solutions and oils. The metal does not 
work-harden greatly during extrusion. 


Zinc—Zinc can be impact extruded cold, but sometimes 
heated slugs are used. In either case, the metal flows 
readily without requiring excessive punch loads, Very little 
work-hardening takes place during extrusion. 

The main applications appear to be for dry battery 
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(Q) 
Fig. 6. Component with base projections and fins. 
ar, 


cases and various electrical components. 

NickeL—Loads required for impact extrusion of pure 
nickel are high and reductions should not exceed 80 per 
cent. Lubrication troubles may be experienced during ex- 
trusion and the slugs may have to be coated with a softer 
non-ferrous material to prevent galling and material “pick- 
up” on the tooling. 


Design Features for Extrusion 

A good idea of the scope of the impact extrusion process 
can be given by separately considering some of the many 
design features that are applicable. 


WALL THICKNESS—The range of thicknesses possible de- 
pends on the component diamcier and material. 


COMPONENT LENGTH/DIAMETER RaTIO—For backward 
extrusions, this is also dependent on the component material 
and, to a lesser extent, the degree of reduction involved. In 
general, the following ratios may be used as a guide: 

Lead and tin 


6 to 8 
Aluminium and aluminium alloys ral 5 to 7 
Copper and copper alloys 3 to 5 
Magnesium and magnesium alloys 5 to 7 
Zinc she en 4 to 6 
Nickel 3 to 4 


Forward extrusions, which do ‘not require the use of 
long, slender punches are not subject to the length/dia- 
meter limitations quoted above. The main limitations on 
length are imposed by the press capacity and space to 
accommodate a completed extrusion. With this type of 
extrusion, length/diameter ratios of 20 to 30 are not 
uncommon. 


Base SHAPE—Many variations in this are possible and 
four typical base sections are shown in Fig. 4. Of these, 
the design shown at (a) is widely used in the belief that the 
taper assists metal flow over the end of the punch. 
Although this is of little practical value, a more valid 
reason for specifying this base shape is that the additional 
metal at the bottom of the extrusion lessens the risk of 
weakness which may sometimes occur with thin flat bases. 
Of the remaining shapes, the hemispherical end (d) is the 
most difficult. 

Projections or depressions may be provided on both 
sides of the base, typical examples being those shown in 
Fig. 5a. The arrangement of these should be as symmetrical 
as possible to avoid unbalanced loading of the tools. A 
further example of base projections are the two parts shown 
in Fig. 6. In this case the projections are heavy, the metal 
having been forward extruded into the die cavity prior t 
backward extrusion of the walls taking place. 


BasE THICKNESS—This is solely governed by the press 
setting and is therefore independent of the wall thickness. 
The base thickness may be varied over wide limits, but 
should not be smaller than the wall thickness. 


COMPONENT SECTION—With both backward and forward 
extrusion, non-circular as well as circular shapes can be 
produced (Fig. 5b). External and internal axial ribs or fins 
are also possible (Fig. 7). Asymmetrical sections are not 
impossible to produce, but they cause uneven tool loading 
and may result in poor tool life. If a component with one 
longitudinal rib is required, it is preferable, for example, to 
introduce another diametrically-opposite rib, even if this 
has no functional purpose. 


FLANGES—Flanges up to three times the component 
diameter can be provided at one end of a component 
when using the forward extrusion process. The flange may 
be at an angle or square to the extrusion wall, or it may 
be wedge-shaped. Projections and depressions can be pro- 
vided on the flange in a similar manner to extrusion bases. 
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The flange thickness should not be smaller than the wall 
thickness of the component part. 


MULTI-DIAMETER ParRTs—Parts with two different dia- 
meters can be produced by forward and backward extrusion 
in one operation. The smallest diameter is usually forward 
extruded. Parts with more than two diameters usually 
require more than one operation. 


MULTI-WALL Parts—It is sometimes useful to be able to 
produce a part having multi-walls and a common base. 
Trimming condensers for radio sets are a typical example, 
produced by backward extrusion using a punch consisting 
of different-diameter cylinders assembled together. Another 
interesting and rather more unusual example of this type of 
part is shown in Fig. 5c. This is also produced by backward 
extrusion, the punch being built-up of six segments. 


SoLip Parts—Solid parts such as shafts can be produced 
by forward operation, several operations sometimes being 
necessary for multi-diameter components. Sections can be 
other than circular. 


TAPERED PaRTs—Production of parts requiring a taper 
is generally not feasible by impact extrusion alone. An 
exception is where a hollow part has a tapered section 
joining two sections of different diameter; in this case, 
the tapered section would be produced in compression 
during a combined forward and backward extrusion. 

The illustrations and remarks in this section are not 
intended to represent the complete range of variations 
possible in extrusion design; they have, in fact, been com- 
piled from a much wider range of successfully extruded 
components in order to illustrate some of the basic prin- 
ciples involved. 

With correctly designed and manufactured tools and 
efficient lubrication during the operation, impact extrusions 
can be produced with an excellent surface finish that takes 
readily to plating and other metal finishing processes. 
Close tolerances can also be held, though these are very 
much dependent on the condition of the tooling and of 
the power press (see Table 3). 

An allowance of } in. should be made to cover the 
removal of the irregular edge invariably formed at the 
top of circular backward extrusions. This allowance should 
be doubled for extrusions of non-circular section. 

Authenticated cost savings resulting from the substitu- 
tion of impact extrusion operations for more conventional 
ones are difficult to obtain, probably because, as yet, the 
application of extrusion to engineering components is still 
not very widespread. 

However, one interesting example where savings are pos- 
sible is a square-section container. In this case a single- 
operation extrusion in aluminium makes a satisfactory 
replacement for a brass pressing, normally produced in 
four operations with inter-stage annealing. The material 
saving in this example is only slight, but the operation 
times are considerably reduced and expensive heat-treat- 
ments are wholly eliminated. 

The most fruitful field for application of impact extru- 
sion is for the replacement of components normally pro- 
duced by machining. In one recent example of a small 
aluminium part, a material saving of 66 per cent was 
made and the production rate was increased by ten times, 
thereby resulting in a total annual saving of £5,000. 

There is no doubt that, given the right application, 
impact extrusion is a very successful operation. 
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Winding coils for fractional-horsepower 
motors. Photo courtesy of G.E.C. Ltd. 


ENAMELLED WIRES FOR ELECTRICAL USES 


A survey of the many types of enamelled wires 
now available to the electrical designer 


by R. H. BLEWITT, B.Sc.* 


N recent years the field of insulated conductors has been 

revolutionised by the introduction of many new types 
of synthetic enamelled wires which offer extremely good 
mechanical, thermal and electrical properties. 

The thickness of the enamelled covering required to 
give adequate electrical properties is much less than that 
required for fibrous coverings with the result that a much 
improved space factor can be obtained, which results in 
reduced size, improved performance and also a better ther- 
mal path for the dissipation of heat from the winding. 

Coincident with the development of these synthetic 
enamels, there has been a parallel development of a very 
large range of synthetic insulating films, fabrics and im- 
pregnating and coating varnishes. 

The original concept for the thermal classification of 
insulating materials was to separate them into four basic 
types identified by their chemical compositions (i.e., 
organic and inorganic). 

Class “O”. 90 deg. C. Unimpregnated organic 
materials. 
Organic materials im- 
pregnated with oil or 
resin. 
Inorganic materials with 
a binding cement. 
Inorganic materials with- 
out a binder. 


On this basis, the enamelled wires were restricted to 
Class “A”, which was acceptable when only oleo-resinous 
type enamel was available, but did not represent the pro- 
perties of the newer synthetic materials. The new films, 


Class “A”. 105 deg. C. 


Class “B”. 130 deg C. 
Class “C”. 180 deg. C. 


* Witton Laboratories, The General Electric Co. Ltd. 


fabrics and varnishes were also restricted to Class “A” 
temperatures, though their properties justified their use at 
considerably higher temperatures. 

To enable a more realistic approach to be made to the 
classification of present-day materials, it has been neces- 
sary to abandon the chemical composition concept of tem- 
perature classification and also to introduce additional 
temperature gradings. 

The new temperature classifications are: 


Class “Y” (formerly Class ““O”) 90 deg. 
Class “A” 105 deg. 
Class “E” 120 deg. 
Class 130 deg. 
Class “F” 155 deg. 
Class “H” 180 deg. 
Class “C” Above 180 deg. 


These temperatures correspond to the maximum tem- 
peratures within the apparatus that will ensure an 
economic life. 

When considering the use of enamelled wires in elec- 
trical apparatus, the thermal properties of the other com- 
ponents in the insulation system must be studied, since the 
ultimate performance depends on their individual charac- 
teristics and on their mutual compatibility. It follows, 
therefore, that the performance of an enamelled wire 
depends almost as much on the type of impregnating 
varnish used as on the enamel itself and that any tests 
carried out to establish its suitability for any specific 
application should be carried out on an insulation system 
rather than on the enamelled wire only. 

Assuming, therefore, that an appropriate insulating var- 
nish has been selected and that the other components of 
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the system are compatible with the wire enamel, the ther- 
mal performance of the various wire enamels currently 
available can be summarised as: 


Oleo resinous Class “A” 
Polyamide Class “A” 
Polyvinylformal Class “E” 
Epoxy Class “E” 
Polyurethane Class “E” 
Acrylic Class “B” ! 
Polyester Class ‘“B” or Class ‘‘F” 
Silicone Class “B” or Class “F” 
P.T.F.E. Class 


The above are general types only and variations exist 
within these types and in some cases modifications of one 
type with another. 

The assigned temperature classifications given above apply 
only to the intrinsic thermal stability of the enamels and 
may be modified by other properties such as cold flow, heat 
shock, ete. 


OLEo ReEsinous—These are required to meet B.S.S. 156: 
1951. They were used for the first group of enamelled 
wires to be developed and are, in general, inferior in most 
properties to the later types of enamelled wire. They are, 
however, still useful for the less arduous duties and where 
their relatively low price outweighs more technical con- 
siderations. The main disadvantages are relatively poor 
abrasion resistance which makes them unsuitable for use 
in automatic winding machines and lack of solvent resis- 
tance which makes them unsuitable for use with modern 
impregnating varnishes incorporating solvents of the xylol 
and butanol types and which also require relatively high 
curing temperatures. 


PoLYAMIDE—The so-called “nylon” wire enamels which 
are now becoming obsolescent. The main disadvantages of 
this type are poor adhesion of the enamel to the conductor 
and poor moisture resistance. They have been superseded 
by the polyvinylformal enamels, over which they offer no 
significant advantages other than solderability without 
prior removal of the enamel film. 


POLYVINYLFORMAL (P.V.A.)—This group is the most 
widely used and must meet the requirements of B.S.S. 1844: 


Fig. 1 (above). Typical failure of a polyvinyl- 
formal enamelled strip after ageing in insulating 
oil at 130 deg. C. 


Fig. 2 (right). Preparation for the twisted wire 
test. 


1952. They possess excellent mechanical properties, good 
solvent resistance and good electric strength. Their ex- 
tremely good thermal shock properties and solvent resistance 
make them suitable for use with the modern high-curing 
temperature impregnating varnishes. Some crazing of the 
enamel does, however, occur and an annealing process 
(usually done when pre-drying the apparatus) is required 
before varnish impregnation. 


Epoxy—These enamels were developed later than the 
polyvinylformal types, and, with the exception of slightly 
better thermal stability, have similar properties. They are 
consequently not in very general use. 


POLYURETHANE—The so-called self-fluxing type which 


TABLE |. Basic properties of different types of wire enamel 


Type of Wire | Abrasion| Flexi- | Heat | Electric | Solvent | Moisture| Resist- |Accelerated| Varnish Self- 
Enamel Resist- bility | Shock |Strength| Resist- Resist- ance Hydrolysis | Compati- | fluxing 


ance and V-Mil. ance ance to bility Solder- 
Adhesion} Freon 22 ability 
Oleo resinous Poor Fair Fair 1,000 Poor Good Poor Poor Fair Nil 


Polyamide Fair Poor Good 2,000 Fair 


Poor Poor — Fair Fair 


Polyvinylformal | Good Good Good 2,000 Good 


Fair Fair Good Good Nil 


Epoxy Good Good Good 2,500 


Good Good Good Nil 


Polyurethane Fair Good Good 2,500 Good 


Acrylic Good Good Good 2,500 


Polyester Fair Good Fair 2,500 Fair 


Silicone Fair Good Fair 2,000 
P.T.F.E. Very Poor | Good | 1,500 | Very | Fair | os | es | nt Nil 
poor good 


The comments in the above table represent the properties of the majority of wires of each type, but there are exceptions 


which may be better or worse than the properties given. 
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| Very Very : 
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Fair Poor Poor Poor = 


TABLE 2. Abrasion resistance under oil 


Number of Strokes to Failure 
ter ‘Sire Ooi 
ior lor ior for 
Tested | Tested | 2 Weeks| 2 Weeks|I3Weeks|I3 Weeks 
Material 25°C 130°C. 130°C.jat 130°C.jat 130°C.jat 130°C. 
‘ * | Tested | Tested | Tested | Tested 
at 25°C. jat 130°C.) at 25°C. jat 130°C. 
Polyester >1,000} 120 |>1,000} 100 |>1,000} 980 
Polyvinyl- 
formal > 1,000 15 Nil 10} Nil 


TABLE 3. Flexibility after ageing in oil at 130 deg. C. on rectangular 
conductors bent on flat 


Diameter of Smallest Mandrel round 
which sample can be Bent Satisfactorily 
Material After | | After 2 | After 16 
week in | Weeks in| Weeks in 
Unaged | “oil at | Oilat | Oil at 
130°C. 130°C. 130°C. 
Polyester te in. | in. | in. qs in. 
Polyvinylformal qs in. in. in. 6 in. 


TABLE 4. Self-bonding and me flow between enamelled conductors 


inder 500 p s.i. 
Aged for | Aged for | Aged for | Aged for 
Material | Week | 2 Weeks | 4 Weeks | 16 Weeks 
in Oil at | in Oil at | in Oil at | in Oil at 
130°C. 130°C. 130°C. 130°C. 
Polyester No bond | No bond | No bond | No bond 
or flow or flow or flow or flow 
Polyvinylformal | No bond | Slight Bonded Bonded 
Slight bond Heavy with cut 
flow Medium | flow through 
flow enamel 


TABLE 5. Heat shock on different makes of polyester enamelled 20 
s.w.g wireonal Xx mandrel 


Elongation 
Material 
Nil 10% 20%, 
Supplier “A” Satisfactory Satisfactory Satisfactory 
170°C. 155°C. 135°C. 
Supplier “B” Satisfactory Satisfactory Satisfactory 
145°C. 140°C. 135°C. 
Supplier “C” Satisfactory Satisfactory Satisfactory 
140°C. 140°C. 135°C. 
Supplier ““D” Satisfactory Satisfactory Satisfactory 
150°C. 145°C. 140°C. 


permits soldered connections to be made without prior re- 
moval of the enamel. This is of great advantage on fine 
wire coils where removal of an enamel is difficult. The 
formulation of this enamel can be varied considerably, 
but, in general, good solderability is obtained at the 
expense of other properties, with the result that an enamel 
with adequate self-fluxing properties is generally somewhat 
inferior to polyvinylformal in its other properties. This 
fact has tended to confine its use to static applications, 
particularly radio and television components. 


AcryLic—One of the more recent wire enamels produced 
in the U.S.A. on which development and evaluation work 
are still being carried out. Information so far available 
suggests that the enamel has better thermal properties than 
polyvinylformal and, in general, its other properties are 
at least comparable. 


POLYESTER—This is still under development and evalua- 
tion. Its superior thermal ageing properties compared with 
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polyvinylformal are now well established. In conjunction 
with oil-modified phenolic impregnating varnishes it is 
suitable for Class “B” operation, but with suitable high- 
temperature varnishes (e.g., modified and straight silicones) 
it appears likely that Class “F”’ operation will be satisfac- 
tory. In general, however, it is inferior to polyvinylformal 
in abrasion resistance and in heat shock, particularly when 
elongated. Care is therefore required when using it on 
winding machines and to avoid small-radius bends. 

The resistance of the enamel to some solvents and 
varnishes is unsatisfactory and, therefore, tests for com- 
patibility are essential. 


SILICONE—Although known as silicone enamels, these are 
basically other types of enamel modified by a percentage 
of silicone resin. In properties they are very similar to the 
polyester types, possessing the same high-temperature 
thermal ageing properties and similar disadvantages in 
respect of heat shock and abrasion resistance. They are, in 
general, only compatible with silicone-based impregnating 
varnishes. 


P.T.F.E.—Polytetrafluoroethylene coatings, though therm- 
ally suitable for Class ‘“‘C” insulation, possess some mech- 
anical properties which prohibit their use for normal 
applications, but they may be used in very exceptional 
circumstances. The abrasion resistance of the wire cover- 
ing is so low that most normal methods of winding are 
unsatisfactory. In addition, the material suffers from “cold 
flow” to such a degree that cut-through of the enamel 
between conductors would occur in any conventional type 
of winding. To prevent attack of the enamel covering by 
copper oxides, nickel or silver plating of the copper is 
usually carried out. Consolidation of the winding by con- 
ventional impregnating varnishes is not possible. 


Evaluation Tests 

Tests carried out on enamelled wires fall broadly into 
two categories: those which are carried out on specified 
types of enamelled wires to ensure that they meet the 
requirements of that particular type, and evaluation tests, 
which, as has already been said, are usually carried out on 
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Fig. 3. Thermal life of varnished enamelled wire evaluated 
by the twisted wire test. 
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Fig. 4. A motorette used for insulation testing. 


composite systems to find whether a system embodying a 
given combination of wire enamel and impregnant will 
meet the needs of a particular duty and environment. 

In making a critical appraisal of the specific properties 
of enamelled wires as shown by accelerated evaluation 
tests, it should be borne in mind that the tests are designed 
to bring out the ultimate limits of the materials, but it 
will be understood that, in his appreciation, the machine 
designer does, by allowing the appropriate margin of 
safety, enable completely reliable machines to be pro- 
duced. Evidence of this lies in the many thousands of 
machines of all types which have given completely satis- 
factory service over a great number of years and which 
can be taken to be representative of all types of enamelled 
wire which are now used in practice. 


Type Tests 

Most enamelled wires are available in a range of thick- 
nesses of enamel coverings. Normally, four thicknesses are 
available, designated F (Fine), M (Medium), T (Thick) 
and X (Extra Thick), though on some types the thicker 
coverings are unobtainable because of problems in apply- 
ing the enamel to the wire. The thickness of covering deter- 
mines the electrical strength and, in addition, the prob- 
ability of “‘pin-hole” defects is reduced as the enamel 
thickness is increased. 

The abrasion resistance or hardness of the enamel film 
is measured by abrading the enamel with a steel pin, which 
is moved over the surface of the enamel under a fixed 
load and the number of strokes determined to penetrate 
the enamel. This test, in addition to being a type test, gives 
information which is of direct value when considering a 
particular application and should be correlated, for ex- 
ample, with the performance of the wire on any particular 
type of winding machine. In those cases where the wind- 
ing will be subjected to high mechanical and vibrational 
forces at elevated temperature the abrasion resistance of 
the enamel should be evaluated at the appropriate elevated 
temperature. 

The value of this type of test can be illustrated by 
measurement of the abrasion resistance carried out under 
insulating oil at 20 deg. C. and 130 deg. C. on polyvinyl- 
formal and polyester wire enamels, before and after age- 
ing at 130 deg. C. in oil. (See Table 2.) 

The marked reduction in the properties of the poly- 
vinylformal enamel is clearly seen, whereas the polyester 
enamel is not seriously affected. 

The tests for “flexibility and adherence” of enamel and 
“heat ageing” are again normally used as type tests, but 
they can be readily modified to give information on the 
suitability of a wire for a particular application. 

Table 3 gives a comparison between the performance 
of polyvinylformal and polyester enamelled strip when 
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tested for “flexibility and adherence” of enamel after age- 
ing in insulating oil at 130 deg. C. Here again the marked 
superiority of the polyester enamel over the polyvinyl- 
formal is clearly demonstrated. (See Figure 1.) 

The solvent pressure test specified for polyvinylformal 
wires is another test which can be modified to obtain 
specific information. In the specified test four wire cross- 
overs are placed under load in a solvent and the value of 
insulation resistance between the wires measured after a 
fixed time interval. Using this basic method but with insul- 
ating oil at 130 deg. C. instead of solvent, the relative 
performance of polyvinylformal strip and polyester strip 
to self-bonding and flow gave the results in Table 4. In 
this case bonding and plastic flow rather than insulation 
resistance has been used as the test criterion. 

The “heat shock” test can also be used to give informa- 
tion of specific design value. Normally this test would be 
carried out by winding the conductor around some speci- 
fied mandrel, exposing it for one hour at 130 deg C. and 
then checking for visible cracks on the surface of the 
enamel. (See Table 5.) 

In addition to showing clearly the need for reducing 
elongation and therefore winding machine tension, and so 
avoid cracking of the enamel during impregnation, the 
test clearly shows the different properties to be found in 
polyester wires of different manufacture. This, of course, 
applies to some extent in all types of wires, since manu- 
facturers rarely use identical formulations. 

Useful information can also be obtained by more 
specialised tests, such as weight loss on heating, to deter- 
mine thermal degradation. Softening of the enamel can be 
investigated by measuring the temperature at which two 
crossed wires will make electrical contact under specified 
load and in a fixed time. This is usually referred to as the 
cut-through temperature. 

Any tendency of enamels to hydrolise can be investi- 
gated by testing in sealed tubes containing a small quan- 
tity of water and maintained at elevated temperature. It is 
significant that polyester enamels are much inferior to 
polyvinylformal in this test, but care should be taken 
when applying the result, since the severe hydrolising con- 
ditions used on this test occur rarely in practice. 

The value of type tests suitably modified to evaluate 
specific environmental conditions has been indicated. 
There are, however, the more complex “composite insula- 
tion system” tests, which mainly originated in the U.S.A. 

The two most important tests of this type in the evalua- 
tion of enamelled wires are: (a) twisted wire test, (b) 
motorette test. 


Twisted Wire Test 

The basic test piece consists of two lengths of enamelled 
wire twisted together to give a fixed number of twists per 
inch length (Figure 2) and this is then normally varnished 
with an appropriate impregnating varnish. The test pieces 
are aged at at least three different temperatures above the 
anticipated operating temperature. Proof tests at 1 kV. or 
2 kV. are carried out between the conductors at the end 
of each thermal ageing cycle. The length of each cycle 
between voltage proof tests is so adjusted that failure of 
the samples occurs in approximately 10 cycles, indepen- 
dent of the ageing temperature. 

When analysing the results so obtained, an assumption 
is made that the rate of thermal degradation follows the 
Arrhenius Equation for the rate of a chemical reaction. 
The results are then statistically analysed and plotted with 
log of life against the reciprocal of absolute temperature 
in the form of a regression line from which life at any 
temperature can be deduced. 

In practice it is desirable to use one temperature as near 
to the maximum operating temperature as possible con- 
sistent with a reasonably accelerated test. This usually 
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means selecting a lower test temperature about 250 deg C. 
above the anticipated maximum operating temperature. If 
this is not done, significant errors may be incurred in 
extrapolation caused by inaccuracies in the test and in 
the assumption that thermal degradation strictly follows 
the Arrhenius Equation. (See Figure 3.) 

The chief advantage of the test is its relative cheapness 
and simplicity, though it should be realised that several 
important factors in the life of an insulation system incor- 
porating enamelled wire are ignored. 


Motorette Test 

This test is more complex than the twisted wire test, but 
more nearly simulates practical conditions, since, in addi- 
tion to including the slot insulation and the impregnating 
varnish, the test piece is also subjected to the effects of 
moisture and vibration. 

Basically, the motorette comprises a set of simple steel 
pressings which can be assembled to simulate two rotor 
or stator winding slots. Coils can then be wound into these 
slots and standard insulating procedure carried out with 
slot and interphase insulation and normal impregnation. 
If the coils are wound with two wires in parallel, further 
information in the form of turn-to-turn b-akdowns can 
also be obtained. (See Figure 4.) " 

The thermal ageing cycles are similar to those used on 
the preceding twisted wire test and appropriate proof volt- 
ages are applied from coil to earth between coils and 
between turns. At the end of each thermal ageing cycle 
which can, if desired, be carried out by current heating, 
the motorette is subjected to a vibration cycle followed by 
a high humidity cycle immediately prior to the voltage 
proof tests. 

The test temperatures and cycles are selected in the 
same way as the previous test and results analysed and 
interpreted in a similar manner. 

The main value of these two evaluation tests, particu- 
larly the latter, is to establish the life of an insulating 
system as related to its individual components and to 
establish whether these components are compatible with 
one another, since, as has been mentioned earlier in con- 
nection with polyester enamels, some impregnating var- 
nishes are not compatible with enamels and lead to early 
failure. Similarly, some materials used as slot insulation 
can adversely affect both the impregnating varnish and 
the wire enamel and effects of this kind can be conveni- 
ently studied in this way. 

When deciding on an insulation system the following 
factors must be considered : 

(1) Maximum operating temperature of the apparatus. 

(2) Type of winding and whether automatic winding 

machines will be used. 

(3) Minimum radius of bends in the winding and elong- 

ation produced by the winding process. 

(4) Type of solvent and impregnating medium and, if 

applicable, its curing temperature. 

(5) Mechanical forces and vibration to which the wind- 

ing will be subject. 

(6) Conditions of service and possible hazards such as 

corrosive vapours. 

(7) Whether self-fluxing properties are likely to be 

advantageous. 

Little difficulty will arise if the operating temperature 
lies within the Class “A” or “E” range as for normal 
applications; polyvinylformal enamel will be satisfactory. 
This enamel is compatible with almost all impregnating 
varnishes and has good heat shock and abrasion proper- 
ties. If, however, the impregnant is insulating oil, due con- 
sideration should be given to the operating temperature in 
the light of the results already quoted. 

Should self-fluxing enamel be considered essential, then 
the polyurethane type must be used and allowance should 
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be made for its inferior mechanical properties when com- 
pared with polyvinylformal. 

Selection of wire enamels for Class ““B” or Class ‘“‘F” 
use require more detailed examination, since the enamels 
usable at these temperatures are more likely to be sensi- 
tive to the choice of impregnating varnish and slot insula- 
tion. In general, the appropriate enamels shown in Table I 
can be used with a conventional oil-modified phenolic 
varnish for Class “B”, whilst for Class ““F’’ modified sili- 
cones or other high-temperature varnishes will be required. 
It is essential, however, that compatibility tests are carried 
out and the system be evaluated to ensure that the selected 
varnish has adequate thermal stability. It should be 
stressed here that not all modified silicones or high- 
temperature varnishes are suitable for Class “F” operation. 

It is important that the winding itself is examined to 
try to eliminate undue elongation of the wire, small- 
radius bends and factors which may cause abrasion of the 
enamel as these types of wires have poorer heat shock 
and abrasion resistance properties than the polyvinyl- 
formal enamels. 

High bond strength varnishes are available for Class 
““B” operation, but Class “F” varnishes have, in general, 
somewhat lower bond strength than the corresponding 
lower temperature varnishes. 

When considering use in corrosive atmospheres, it 
should be realised that two properties are required from 
the impregnant: first, that it is itself unaffected and, 
secondly, that it provides adequate protection to the 
enamelled wire. 

For temperatures above Class “F” it is unlikely that 
enamelled wires will be satisfactory and suitably varnished 
fibrous covering would be used. 

In conclusion, it should be said that the choice of the 
most appropriate insulating system is a matter of careful 
judgment based upon a consideration of the appraisal of 
the properties of the material as established by careful 
testing and operation experience. 

Whilst one or other of the types of enamelled wire will 
be found to be perfectly satisfactory in most cases as a 
result of the considerable advances which have been made 
in recent years, occasions may still arise where additional 
properties are required. 

Pending the development of enamelled wires with suit- 
able properties, it is still necessary to use fibrous coverings 
suitably varnished and the possible advantages of these 
should not be overlooked in the assessment of insulation 
systems for special duties. 


NEW BOOKS 

Mechanics Applied to Engineering, by G. H. Ryder. The 
general style and clear thinking on the part of the author 
makes this a valuable book for the first-year degree student, 
although the Stroud convention of units for distinguishing 
between force and mass does not permit easy reading. The 
use of heavy type indicates clearly the coefficients in various 
expressions, and consistency throughout would have put the 
text-book well above the general run. 

With any text-book it is refreshing to find original and 
boldly drawn diagrams to illustrate fundamental theories. 
The contents of this book are rationally arranged; specially 
recommended are the chapters on linear momentum and 
impulse, and those dealing with combined linear and angu- 
lar motion and motion in three dimensions. 

The introductory chapter defines basic terms, the follow- 
ing chapters presenting concurrent, parallel, coplanar and 
non-coplanar forces, motion, work and energy and oscilla- 
tions, with intermediate chapters 5 and 6 dealing with fric- 
tion and catenaries. Each chapter contains many worked 
examples of practical value and ends with a series of set 
questions together with their answers. R.D.C. (Cleaver- 
Hume Press. 21s.) 
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NEW DEVELOPMENTS 


IN HIGH-DENSITY POLYETHYLENE 


As well as offering advantages in certain cases over conventional grades, 
high-density polyethylene is creating for itself entirely new applications in 


industrial and consumer markets, as this article indicates 


HE history of conventional low-density polyethylene is 
by now well known. During the last war this plastics 
gained wide acceptance as an insulating material in radar 
equipment and, as a result of this experience, it has since 
been possible to broaden its applications to a number of 
domestic and industrial uses. 

Until about eight years ago the only method of preparing 
polyethylene was by a high-pressure process involving the 
polymerisation of ethylene gas at about 1,000 atmospheres, 
yielding a relatively flexible plastics. In 1950, however, new 
methods of preparing polyethylene were discovered princi- 
pally by Prof. Ziegler in Germany and the Phillips Petro- 
leum Co. in the U.S.A., in which the use of high pressures 


TABLE |.—General properties of high and low density polyethylenes. 


High Density | Conventional 
Material Property Polyethylene 
Density g/cm® 0:93-0:96 0-92 
Ultimate tensile 
 |strength at 25°C. p.s.i. 2800-5000 1500-2000 
% Elongation at break 
i (25°C.) 500-900 200-750 
a 
Modulus of elasticity at ' ‘ 
25°C. p.s.i.X 10° 0°5-1-5 0-19-0-35 
Im strength at 25°C. 
ft. Ab of notch in. 1-0-6-0 >16 
= in. notch bar 
Taber abrasion resistance 
mg./100 cycles 5-21 23-42 
softening point, 120-128 80-90 
Brittleness temperature,| -43 to -80 
Fe |°c. 
Volume resistivity, 018 About 101° 
q 3 johm. cm. 
Dielectric constant 2:35 2:3-2:35 
Power factor (10® c.p.s.) 2.5-10 1-2 
x 10-4 


* Shell Chemical Co. Ltd. 


October, 1958 


by L. A. MUIRHEAD, B.Sc., A.R.1.C.* 


HIGH DENSITY » 


LOW PRESSURE 
HIGH DENSITY 


HIGH PRESSURE 
LOW DENSITY 


Wills, 


HIGH PRESSURE 


SO 


o-9! 0-92 0-93 0-94 -0-95 0-96 


Fig. 1. Schematic representation of main types of 
polyethylene. 


was unnecessary. It was found that the ethylene could be 
polymerised to a hard polymer by using an organo-metallic 
compound (in combination with a chosen derivative), or a 
metal oxide as a catalyst. Although the polymers produced 
at low pressures are similar in nature to those produced by 
the earlier high-pressure process, their molecular structures 
differ. 

Infra-red spectroscopic investigations show that the poly- 
ethylenes produced by the new catalytic processes have a 
much lower degree of branching of the molecule. The more 
linear molecular structure permits a closer packing of the 
molecules which results in the product having a higher den- 
sity, greater rigidity and greater tensile strength. Branched 
(density 0-94) polymers with properties approaching those 
obtained from the Ziegler and Phillips processes can now be 
obtained by a modification of the original high-pressure 
process. 

These new polymers, with densities of 0-93-0-96, are 
usually referred to as high-density polyethylenes to distin- 
guish them from the original types of polymers of density 
approximately 0:92. They are also sometimes referred to as 
“linear”, “high tensile”, Ziegler or Phillips polymers, or by 
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Fig. 2. Effect of 128 deg. C. on (left) high - density 
polyethylene and (right) conventional polyethylene. 
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Fig. 3 (left). Effect of density on softening point. 


Fig. 4 (right). Effect of temperature on stiffness of 
polyethylene. 
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Fig. 5. Relation between density and tensile strength of 
polyethylene. 
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their trade names, i.e., Alkathene H.D., Carlona and 
Rigidex. 

The difference in chemical and physical properties of the 
two types of polyethylene may be directly attributed to their 
distinctive molecular structures. 

The closer the polymer molecules are together, the higher 
is the crystalline content and, in general, as the crystallinity 
of a polyethylene is increased significant changes in the 
physical properties of the polymer are observed. The most 
important of these (from a practical standpoint) are an 
increase in tensile strength, an increase in modulus and a 
significant raising of the softening temperature. Table 1 
shows their relative properties. Typical values for crystal- 
linity and related density characteristics for each type of 
polyethylene are given in Figure 1. 

Since the properties of these new types of polyethylene 
will open fresh potential markets, several manufacturers in 
Europe have announced plans to produce high-density 
polyethylene. At present, however, plant capacities are rela- 
tively small, and there is consequently a price premium in 
Europe and the U.S.A. of between 22 and 37 per cent above 
that for low-density polyethylene. 

The high-density polymers can be used in existing thermo- 
plastics machinery. They are processed in a similar fashion 
to their low-density counterparts, although for injection 
moulding and extrusion slightly higher processing tempera- 
tures are required. A limited range of colours is available 
from most of the manufacturers for moulding purposes and 
dry colouring techniques may be used with the natural 
granules, particularly where pre-plasticiser machines are 
used. Conventional moulds are in many cases satisfactory, 
but where maximum performance is required from these 
new products, modification of moulds may be desirable. 


Good Heat Resistance 


High-density polyethylenes received much initial atten- 
tion, as they were one of the first relatively low-priced 
thermo-plastics which could withstand temperatures of over 
100 deg. C. The heat resistance of the polymers may be 
related to their density, and Figure 2 indicates that under 
certain conditions some of them can resist temperatures as 
high as 128 deg. C. (see also Figure 3). 

To take advantage of these higher softening points, cer- 
tain manufacturers have introduced such new products as 
electric kettles, eggstands, hot water bottles and sterilisable 
babies’ bottles. 

Although high-density polyethylene is satisfactory where 
heat is applied to the plastics for moderate periods only, 
the use of high-density polyethylene for hot water piping 
has not yet been developed. Creep problems are liable to 
occur if continuous operation within the range 70-100 deg.C. 
is required, and research is now being carried out to 
eliminate these. 

The higher modulus of high-density polyethylenes at both 
room and elevated temperatures is an important characteris- 
tic, and comparative data between the two types of polymer 
are given in Figure 4. 

The increased stiffness of this type of polyethylene has 
been exploited, particularly in the injection moulding field 
for applications such as buckets, bath racks, colanders, sink 
tidies, jugs, pipe fittings and lavatory syphons. Many manu- 
facturers have found that they can obtain the right degree 
of rigidity or flexibility by using blends of high- and low- 
density polyethylene, the blending of the polymers being 
carried out by the moulder, commonly using pre-plasticiser 
injection moulding machines. 

In comparison with low-density polyethylenes, the higher 
modulus of high-density types permits thinner wall mould- 
ings without loss of rigidity, and with a consequent saving 
in raw material cost. 


The higher crystallinity of the high-density polyethylene 
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results in an increase in tensile strength of the polymer. 
This is seen in Figure 5, where tensile strength is related to 
the polymer density. From the tensile strength figures quoted 
here, it is of interest to note that, although the high-density 
polymers are between 22 and 37 per cent more expensive 
than their low-density counterpart, there is almost a 100 
per cent increase in tensile strength characteristics. The use 
of high-density polyethylene where strength is important is 
therefore often justified on purely economic grounds. 

Piping, especially for cold water services, is an instance 
where high-density polyethylene has already gained con- 
siderable commercial success (see Figure 6). As the new 
high-density polyethylenes have enabled pipe with reduced 
wall thickness to be produced, the British Plastics Federa- 
tion has recently drawn up a draft specification which will 
form the basis for a new British Standards Specification for 
high-density polyethylene pipe (see Table 2). 

The high tensile strength of high-density polyethylenes 
has made it particularly suitable for monofilament produc- 
tion and, by drawing operations at elevated temperatures, 
orientation of the molecules produces a filament with 
strength characteristics approaching that of nylon. Good 
chemical resistance permits the use in the chemical industry 
of filter cloths woven from high-density polyethylene 
filament. 

The chemical resistance of polyethylene of both high and 
low density is generally good. However, because of the lack 
of long-term field experience with high-density polyethylene, 
a strictly practical comparison between these two types of 
polymer is not possible. A great deal of work is being 
carried out to determine to what extent high-density poly- 
mers are affected by chemicals. Tables 3-5 give some of 
the results of these investigations. 

Among commercial applications requiring high chemical 
resistance where high-density polyethylene has been used 


TABLE 2. Wall thicknesses at a working pressure of 150 p.s.i. 
(temperature not exceeding 20°C.) 


Wall Thickness 
Nominal according to specification 
Bore 
B.S. 1972 B.P.F. 
Rin. 0-173 + 0-015 0-096 + 0-011 
(in.) (in.) 


TABLE 3. Chemical resistance of ethylene polymers at 23°C. 


% Weight Change after 30 days 
Chemical immersion 
Environment c 

tional. | Ziegler | Phillips 
Gasoline + 12:9 + 62 + 60 
Ethyl Acetate + 3-07 + 2:0 + 2:1 
Acetate Acid + 0-86 + 0-60 + 0.60 
Sodium Hydroxide Nil — 0-01 — 0-01 

(50% 

Sulphuric Acid (98%) — 0-02 — 0-02 — 002 


TABLE 4. Time for 50%, stress cracking in a 5°%, solution of 
sodium hydroxide at 50°C. 


Type of Polymer saat Molecular | Time for 50%, 


eight failure (hrs.) 
72,000 24 
Ziegler 120,000 317 
(density 0-95) 195,000 1029 


TABLE 5. Comparison of stress cracking characteristics of extrusion 
grades of different ethylenes. 


Sodium 
Environ- Acetic Ethyl! 
ment | Water | type de- hydro- 
xide 8 
Grade active 
— 
tiona 9,000 9,000 
density (hrs.) 20 (hrs.) (hrs.) 50 (hrs.) | 90 (hrs.) 
92) : 
High 
Densi 
deriy 9,000 500 1,000 2,300 9,000 
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Fig. 6. Cold-water pipe fittings made of high-density 


hylene. 
and Yorkshire Imperial Metal Co.) 
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Fig. 7. Permeability of gases through polyethylene films. 
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TABLE 6—The effect of increasing molecular weight on impact strength. 


impact Strength (izod.) 
Molecular 
Material in. x 4 in. bar ft. Ib./in. 

Ziegler 72,000 1-2 
Polyethylene 90,000 1-4 
Density 120,000 1-8 
0°95g./cm.* 195,000 3-5 


TABLE 7—Comparison of properties of thermoplastics. 


Material Mich. y Ri. gid H 
Property Poly hy! Poly p.v.c. 
ASTM 0-93-0-96 0-92 1-4 0-5-0-65 


Tensile strength p-s-i. 
B.S. 1973:195 2,800-5,000 | 1,500-2,000 | 5,000-9,000 | 3,000-5,500 


Elongation 500-900 | 200-750 2-40 10-40 
Modulus of Elasticit: 

posi. x 1 osts | 019-035 | 035-06 | 035-055 
AS.T-M. D638 52T 


impact Strength 


in notch ¢ in- 
in | 1060 > 0-25-05 0-6-1-1 
cient of linear 5 5 
Jem) 18x 10- 7x 10- 16 x 10-6 
Softening point °C. 
106-125 80-90 75-80 70-100 


are: ducting for chemical plants, bottles for the packaging 
of chemicals, beakers, funnels, lubricating oil containers 
and drum linings, kerosene containers, battery cases, and 
Aerosol containers and nozzles. 

The use of high-density pipe for chemical plant work is 
of considerable interest, and pipes and fittings are now 
produced with their dimensions corresponding to those 
quoted in B.S. 1387. High-density pipe can thus be screwed 
into standard steel systems when corrosion troubles make 
replacement necessary, or it can be used (screwed or heat- 
welded) to produce a complete pipe system of this material. 
This type of piping has also been used in fertiliser and sul- 
phuric acid plants. 

Sheet with excellent chemical-resistant properties made 
from high-density polyethylene is now commercially avail- 
able in a variety of thicknesses. It is produced either by 
extrusion or compression moulding. It may be fabricated 
into fume ducting and extraction hoods, vat linings and 
tanks for the chemical industry by the butt-welding tech- 
nique. The edges of the sheet which are to be joined are 
melted and then fused together using a heating tool (e.g., 
hot air welding torch, hot plates, etc.). The tool is removed 
and the material hardens again to produce a welded joint 
which is as strong as the sheet itself. 

The high impact strength of the sheet, coupled with its 
relatively great rigidity, should enable it to compete success- 
fully on an economic basis with the products already estab- 
lished in this field, such as rigid p.v.c. and low-density 
polyethylene. 

The permeability characteristics of polyethylene may be 
related fairly closely to the density. Figure 7 shows that 
high-density polyethylenes have, in general, permeability 
characteristics approximately one-third of those of low- 
density materials—an important factor in packaging. 

In Europe high-density polyethylene lay-flat film is being 
produced, but large-scale commercial usage has not as yet 
been noticed, probably because of its relative opaqueness 
at present. This type of film is reported to have been 
accepted in some applications in the U.S.A. mainly because 
of its low permeability to gases and its suitability for “boil- 
proof” packaging. 
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The general toughness, i.e., resistance to abrasion and 
impact, of polyethylenes is dependent not only upon the 
crystallinity of the polymer but also upon the molecular 
weight. Abrasion resistance is conveniently measured by 
the Taber method. In this test the specimen is held in contact 
with a standard rotating disc of abrasive material and the 
weight of specimen removed after 100 revolutions of the 
disc is measured. Abrasion-resistance figures (Table 1) using 
this test method show that high molecular weight, high- 
density polymers have excellent characteristics in this 
respect, and this property has been utilised in a number of 
interesting ways. 

Certain parts of textile machinery which are normally 
subjected to severe abrasion have been made from com- 
pression-moulded high-density polyethylenes of high mole- 
cular weight. Considerable work is in hand in the telephone 
cable field, where the greater toughness of this type of poly- 
mer will permit a significant reduction in the thickness of 
the cable insulation. This can be done without increasing 
the risk of damage to the wall during fabrication or installa- 
tion of the cable. Such a reduction in wall thickness is of 
considerable interest, as it should allow more lines per cable. 

Toughness of plastics is also dependent upon its impact 
resistance and, probably because of the more rigid nature 
of high-density polyethylene, this material shows poorer 
impact characteristics than the low-density type. However, 
its impact resistance improves with increasing molecular 
weight (see Table 6). For maximum impact properties, 
high-molecular-weight grades of high-density polyethylene 
should therefore be chosen. 

The electrical properties of high-density polyethylenes 
given in Table 1 are not very different from those obtained 
with the low-density materials. Owing to present methods 
of manufacture, some of the high-density polyethylenes have 
marginally inferior power-factor and volume-resistivity 
measurements. 


Expanding Use in New Fields 


Up to now the electrical industry has been content to use 
the low-density polyethylenes, mainly because the electrical 
properties of this polymer have been proved so suitable. 
As a result, interest in high-density polyethylene has been 
devoted to those applications where the other properties 
(abrasion resistance, etc.) are more important. 

But injection-moulded articles such as junction boxes, 
television dipole holders and cable clips are already being 
made of high-density polyethylene, and its use is expected 
to grow as the cable industry calls for insulation materials 
having better heat and abrasion resistance and greater 
rigidity. 

In some of the high-density manufacturing processes (the 
Ziegler process in particular), the polyethylene is initially 
obtained in the form of a powder and this is ultimately 
extruded prior to granulation. This can be removed before 
the extrusion process and in this form it is finding increasing 
use in industry. Various sintering processes are now avail- 
able for producing linings for drums, coating for chemical- 
resistant equipment and porous sheet (such as that used sa 
water aerators). 

The characteristics of high-density polyethylene in sie 
tion to other types of thermoplastics are shown in Table 7. 

Because of the high tooling costs for moulds for new 
products, it is likely that high-density polyethylene may 
initially displace some of the conventional thermoplastics 
in articles of established design. However, in the long term, 
high-density polyethylene will tend to become complemen- 
tary rather than competitive to these materials. In other 
words, consumption of both types of polyethylene and other 
plastics are expected to expand in fields where their particu- 
iar properties make them most useful. 
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The well-conceived drawing-office 
has become less of a rarity in 


recent years. This article sets out 
some of the important factors § 
that contribute to good working * 
conditions and output 


Fig. 1. This new drawing-office of Girling Ltd. at Birmingham is a very fine result of 
converting and entirely re-equipping existing premises. 


HAT maximum output and high quality of work from 
designers cannot be expected if working conditions 
and equipment in the drawing-office are of a low standard 
is still not fully realised by all engineering concerns. In 
recent times, however, more enlightened companies have 
given increasing thought to this side of their activities, and 
the last two or three years have seen the establishment in 
Britain of some outstanding examples of drawing-offices, 
efficient in operation and pleasant to work in; they will, 
indeed, compare very favourably with any in the world. 
This will undoubtedly be a continuing trend and is likely 
to receive a stimulus when the Building Research Centre 
publishes towards the end of this year a report based on a 
wide survey it made some months ago of drawing-office 
layout and equipment, in the course of which members of 
its staff visited offices of various types and sizes throughout 


Fig. 2. Maximum use of natural light is made in this drawing- 
office of the Bowater Corporation Ltd. at Ellesmere Port. 
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Britain. This is probably the first thorough and systematic 
study of the subject ever made in this country, and will 
certainly contribute to a wider appreciation of its less 
obvious aspects. But discussions on the planning and equip- 
ment of drawing-offices have been carried on among de- 
signers for years past, and this is perhaps an appropriate 
moment at which to sum up the views which are generally 
held and to describe how certain firms have recently 
endeavoured to put them into practice. 

It is simple enough to offer a definition of what the 
ideal drawing-office should achieve—high output of first- 
class work—but the nature of the work done by different 
industries calls for variations in drawing-office technique 
(for example, in the grouping of draughtsmen according 
to the work to be done) so that a standard layout is not 
practicable. However, the chief factors affecting morale 
and efficiency may be broadly summarised as lighting, 
equipment and environment and, as each can determine 
the standard and output of work, each demands the most 
serious consideration. 

If one of these factors stands out above the rest, it is 
most certainly lighting. Ideally, one should work in a good 
natural daylight, but as this is limited by the shortcomings 
of the British climate and by the building itself, it is always 
necessary to make considerable use of artificial lighting. 
Even when plenty of daylight is available, this may need to 
be controlled with Venetian blinds to avoid glare, and 
artificial light may be needed to kill shadow. The tendency 
nowadays is to position fluorescent fittings in a pattern 
geared to the whole office, rather than for each board, 
making for greater flexibility. The Association of Engineer- 
ing and Shipbuilding Draughtsmen, which has for many 
years striven for an overall improvement in drawing-office 
working conditions, recommends that there should be a 
minimum of one 5-ft. 80-watt fluorescent tube per drawing- 
board, mounted about 3 ft 6 in. above the board; if closed- 
top fittings are used, overhead filament lamps should be 
fitted. 

The task of selecting new equipment presents many pro- 
blems, despite the very broad range of excellent equipment 
that is available. In the small-to-medium office, an impor- 
tant consideration is the cost of equipment which must 
obviously bear a close relationship to its subsequent poten- 
tial output. At the same time, the nature of the work 
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Fig. 3. Dazzle from fluorescent lighting is avoided by means of 
horizontal baffles in the ceiling of the Westland Aircraft Co.'s 
office at Yeovil. 


handled in the drawing-office can often determine the type 
of equipment selected. For example, for layout and other 
work demanding strict limits of accuracy, parallel motion 
draughting machines are usually selected, but where speed 
is more important, particularly in tool drawing-offices, the 
link-motion draughting machine is more commonly found. 

The need for a satisfactory environment in which to work 
is nowadays appreciated widely at most levels. The physical 
aspects have been set down by A.E.S.D. as requiring a 
minimum space of 470 cu. ft. per person, exclusive of 
furniture and with a maximum calculating height of 10 ft. 
Other points, such as an adequate temperature (bearing 
in mind that a draughtsman’s work usually involves little 
physical effort), suppression of noise and washing facilities 
do, however, have an effect that may not be reflected 
immediately in the work produced. Countless other factors 
in the mental well-being of the draughtsman spring more 
from an attitude than a definite policy of management. 
One chief draughtsman, for example, said recently of his 
office: “We hate petty rules here. We rely on the example 
of the older men to guide the actions of the new arrivals. 
For example, we don’t check their time of arrival in the 
mornings or the accuracy of their overtime claims; we 
show that we trust them and this is not often abused. When 
it is, it usually happens that the man does not fit in well in 
other ways either.” 


Applying the Principles 

It is interesting to find how well these principles have 
been adopted in the latest drawing-office to be completed 
in Britain, that at the Girling Ltd. head office near Birm- 
ingham. This is of particular interest, not only because of 
the attention which has been given to every important 
detail of lighting, equipment and environment but also 
because it shows clearly how a conversion of existing 
premises can provide excellent facilities without extensive 
teconstructional work. 

The upper floor of the building which has been taken 
over has undergone a transformation. Formerly an irregu- 
larly-shaped area bounded by neutral-coloured walls and 
girders, this has now been completely redecorated, re- 
furnished and equipped for the company’s design office. 
An artificial ceiling of acoustic panels carries flush-fitted 
fluorescent lighting units and these provide all the illumina- 
tion needed to supplement daylight. The steel supporting 
girders have been filled out to provide graceful pillars. 
These and the ceiling are in off-white and the walls are 
pastel green. 

With the redecoration, the office has been entirely re- 
equipped with new pedestal drawing-board stands, steel 
desks (as reference tables), stools and storage cabinets— 
all finished in the same shade of pale green. Storage was 
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Fig. 4. The entrance hall of the design office of Loewy Engineer- 
ing Co. Ltd., near Bournemouth. Draughtsmen work on the 
upper floor and have a view over the enclosed grass court. 


originally in wooden chests, but drawings are now stored 
flat in steel cabinets. The office policy is to keep storage 
space to a minimum by a system of microfilm-recording 
older drawings which would otherwise need to be kept on 
file. Further work is currently going on to modernise the 
photo-copying section. 

One impressive aspect of the Girling drawing-office is 
the strict attention that is given to small detail. For 
example, waste-paper bins have been specially designed by 
the company to fit on the Admel pedestal stands, so that 
there is no likelihood of disorderly appearance. 

At present, more than 70 draughtsmen are housed in 
this drawing-office, but the recent alterations have taken 
account of the fact that the demand for space will continue 
to grow. Already, one end of the office has room to spare 
which could accommodate extra boards when the need 
arises, and this can be extended still further without 
impairing the efficiency of the section. 

No consideration of good drawing-office principles put 
into practice can exclude the office building of Loewy near 
Bournemouth. Built just over four years ago, this is still a 
criterion of how the well-conceived drawing-office may be 
judged. 

The specially-designed building is a two-storey glass and 
aluminium structure flanking four sides of a lawn, giving 
an impression (visual, at least) of a cloistered walk within. 
The drawing-office occupies the upper floor, where floor- 
to-ceiling glass walls permit maximum daylight to reach 
all boards, with blinds to prevent dazzle when required. 
Consultations with the Building Research Centre produced 
what were considered to be the most suitable lighting fit- 
tings in the best arrangement. 

Despite the very fine appearance and facilities of the 
building, the cost of the office block was 45s. per sq. ft.; 
this Loewy claim with reasonable pride, was the lowest-cost 
office block of its size to go up in England since the war, 
because of the extensive glazing and limitation of brick- 
work. 

The records section is housed on the ground floor where, 
for the hydraulics division alone, there are some 25,000 
drawings stored mostly in conventional wooden drawers. 
Other systems of storage have been tried in the past, in- 
cluding those which involve hanging the drawings vertic- 
ally, but the particular needs of Loewy decided in favour 
of conventional equipment. 

While it is true that a great many design offices still fall 
short of the ideal, there are signs that a better_under- 
standing of their needs is on the increase. The well-planned 
drawing-office is less isolated than it was a few years ago, 
and it is to be hoped that many smaller engineering firms 
will adopt the policy of those larger concerns which see 
no wisdom in expecting good design from a poor Office. 
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James H. Randall & Son Ltd. have designed a novel means for 

storing drawings in a sheet metal cabinet which is subdivided 

in a honeycomb fashion by steel reinforced fibre tubes of 

square section. The drawings are rolled and one end is gripped 

by a rectangular plastic cap. The other end is inserted in a 

honeycomb compartment leaving the end of the cap, which 
carries a reference label, easily visible. 


The John Bass pressurised assembly cabinet has been designed 
specifically to overcome the problem of dust contamination, 
whether in a static or an airborne form. Pure air is constantly 
supplied under sufficient pressure to prevent contaminated air 
from entering, and the cabinet is fully illuminated and fitted 
with wide-vision plate glass which affords the utmost facility 
for work on small precision instruments and equipment. 


BRITISH INVENTIONS’ SUCCESS AT BRUSSELS 


HE success of British inventors at the recent Brussels 

International Inventors’ Exhibition was outstanding. 
Out of more than 1,500 inventors from all over the world, 
the small group of less than 50 British entries collected 26 
diplomas, including the top award—The Grand Prix. The 
highest award and three other inventions which qualified 
for gold medals are illustrated here. 

The British exhibitors are to be.congratulated on having 
successfully upheld national prestige and inventiveness in 
design. It is expected that this will have beneficial results 
for British goods in world markets for, in addition to those 
mentioned, several of the inventors report interesting and 
promising inquiries. Nearly 20 leading German indus- 
trialists have written to the London headquarters of the 
Institute of Patentees and Inventors, asking to be kept in 
touch with its 1,400 members. 

This success was all the more remarkable in view of the 
fact that untilea few weeks before the exhibition was due 


to open not a single entry had been received from Britain. 
At the last moment, Mr. R. O. Sutherland, general secre- 
tary of the Institute of Patentees and Inventors, appealed 
to his members and succeeded in attracting 50 entries. 

This years’ exhibition was the seventh of the series and, 
with such a high proportion of successful entries from this 
country, it is to be hoped that inventors and manufacturers 
will be encouraged to enter in even greater numbers next 
year. 

It is interesting to note that gold medals were given for 
sO many engineering products, and this should stimulate 
engineering designers to come forward more freely in the 
future. 

The apparent reluctance of inventors from this country 
to enter for this year’s event may be partly due to the fact 
that it is not appreciated that entrants do not necessarily 
have to be inventors by profession. Engineers and designers 
in all industries may put forward exhibits. 


Mr. Charles Brunt’s variable speed a.c. motor, which took the 

Grand Prix, has a speed range of 100 to |. It is operated by 

simple control gear and rotation can be reversed by simple 

hand wheel control without changing connections or switching. 

It is claimed to have excellent torque characteristics and is 

suitable for driving textile machinery, machine tools and it may 
also be suitable for traction purposes. 


October, 1958 


P. C. & C. K. Chase Ltd. have designed and developed these 
collapsible stacking stillages which have no loose parts and 
which are of robust construction, designed for simple and easy 
conversion. A stack of nine stillages is shown here collapsed, 
in which form they are ideal for returning as empties by road 
or rail transport. A standard range of sizes is available varying 
from 30 in. X 30 in. to 48 in. X 48 in. platform sizes. 
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Interesting products in current manufacture 


Adjustable Centre Height on a Copying Lathe 


By MOUNTING the headstock and tailstock on inclined slides, 
it is possible to increase the capacity of the Heid Neomat 
copying lathe by more than 50 per cent over the entire 
turning length. This adjustment, in the case of the head- 
stock, is power-operated, the tailstock being operated by a 
handwheel. Re-alignment of the centres to 0-0003-0-0004 
in./ft. is achieved by vernier scales, but still further 
accuracy can be achieved by means of a ground test bar 
and dial test indicator. 

Packing up the headstock and tailstock of a centre lathe 
to accommodaie outsize work usually results in poor finish 
on the workpiece, as the thrust on the tool falls outside 
the front slideway. By moving the workpiece upwards and 


away from the operator this is obviated and the workpiece 
surface finish is unaffected. The right-hand drawing (see 
left) demonstrates the principle involved. 

Other features of the Neomat include: electric tracer 
control as an integral part of the machine; electromagnetic 
reversing clutches to control longitudinal and cross feed 
motions; electric precision limit switches which open after 
0-004 in. displacement; Heid electro-magnetic multi-disc 
clutches, having no slip rings, for change of direction and 
braking; continuously oil-flooded guideways for the front 
saddle bearing, fully protected with telescopic stainless- 
steel guards; and a wide variety of accessories. 


New Motor-cycle has Pressed Steel Main Frame Member 


A BOX-SECTION girder, consisting of two deep-drawn press- 
ings welded together and made torsionally rigid by a 
flanged diaphragm bolted in position at the open end, is 
the main structural feature of a new motor-cycle by Ariel 
Motors Ltd. The petrol tank is held inside by three screws. 
The front end of this top-frame member carries the steer- 
ing head and the rear suspension dampers. The two- 
cylinder two-stroke engine and gearbox, which are in one 
unit, are bolted to underslung welded extensions of the 
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main frame member by three long bolts, the lower rear 
of these carrying also the swinging arm of the rear suspen- 
sion. By adapting the design, it has been possible to put 
all loads in the box girder, and eliminate the conventional 
tubular and plate fitting and attachments to the crank-case. 
At the same time, it has made the job of removing the 
engine and gearbox from the frame a simple operation. 

Extensive use of sheet metal guarding and removable 
panels results in good weather protection. 
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A NEW hydraulic cold-extrusion press, designed in colla- 
boration with the Production Engineering Research Asso- 
ciation, is announced by E. W. Bliss (England) Ltd. 

Principal feature of the press is a double-action motion, 
made possible by an inner and an outer slide. Forward 
and backward extrusions can be made, as well as a com- 
bination of the two. Features which simplify operation 
include a fully-automatic all-hydraulic push-button-control 
servo system, completely eliminating electrically-controlled 
valves. The increase in pressure in the circuit at the bottom 
of the press stroke operates a valve which returns the ram 
at a pre-set pressure. 

The sectional view (right) shows the tooling used to pro- 
duce the typical example of combined forward and back- 
ward extrusion illustrated. The extrusion punch is fitted to 
the inner slide, the punch guide to the outer main slide. 
The sequence of operations, which is automatic, is as 
follows: Extrusion punch. and guide advance rapidly to- 
gether towards the component held in the die. At a pre- 
determined point the advance is slowed and the first part 
of the extrusion, the forward part to form the spigot, takes 
place, together with a slight amount of backward extru- 
sion. The main slide is then arrested and the inner slide 
advances with the extrusion punch to bring about a further 
amount of backward extrusion of the hollow portion of 
the component. When the punch has done its job, the com- 
ponent is automatically ejected by a hydraulic ram situated 
in the base of the machine and operated automatically 


Two New Valveless 


By INCORPORATING the priming chamber and the volute 
casing in one casting, Girdlestone Pumps Ltd. have produced 
a small self-priming centrifugal pump (right) which takes up 
no more space than an ordinary pump of similar output. 
Known as the “Autostart”, it works on the re-circulation 
principle and without valves. During circulation, air from 
the suction pipe is entrained in the liquid, and the air/ 
liquid mixture is then passed from the volute to the 
specially-designed separating chamber. This allows air to 
pass through to the delivery pipe and the liquid to flow 
back through an orifice into the volute for re-circulation. 
This process continues until the suction pipe and pump 
are fully primed. After initial priming, flow back from 
the delivery pipe replenishes the priming chamber at the 
end of each operating period. 

The cantilever-type shaft, running on deep-groove ball 
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as the extrusion punch retracts. 

Although primarily designed for the cold extrusion of 
steel, this press can also be used for the impact extrusion 
of light alloys. Developed originally as a 300-ton press, it 
is offered also in sizes up to 1,000 tons. 


Industrial Pumps 


bearings, carries an open-type impeller which will carry 
small solids in suspension. The pump body is available in 
cast iron or in stainless steel and other resistant alloys. A 
variety of mechanical seals are available. At 3,440 rev./ 
min. and 30 ft. total head the pump will deliver 1,000 g.p.h. 
(water). 

The Amarilla rotary displacement pump (left), manu- 
factured by George Fletcher & Co. Ltd., is of the positive 
rotary type and contains only two moving parts; namely, 
the rotor and the sealing arm, which is activated by the 
rotating rotor. The latter forms a seal and takes the place 
of a non-return valve. 

Fluids containing a large percentage of solids can be 
passed without causing damage, either to the material or 
the working parts of the pump. The pump will handle 
sludge, heavy oil, semi-solids or thick slurries. It requires 
a drowned suction and will deliver against a pressure of 
100 p.s.i.g. It is particularly competitive for fluids having 
a viscosity greater than 4,000 s.s.u. and will normally 
handle materials up to 90 deg. C. The pump can be supplied 
jacketed or unjacketed, and can be driven by belt or V-rope, 
or by direct-coupled electric motor through reduction 
gearing. 
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Fig. 1. Stages in producing cored 
pattern. 


FROZEN MERCURY PRODUCES 
HIGH-DEFINITION GASTINGS 


SING frozen mercury as a pattern is an interesting 
and modern process for producing investment cast- 
ings. In this country the Mercast process, developed by 
Sankey-Telcon, enables precision castings to be made to 
limits impossible by other techniques, and this process 
should be regarded as supplementary to the lost-wax 
method which it resembles in principle. 
The frozen mercury process consists of pouring mercury 
into the metal mould and freezing it at about —65 deg. C. 
At this temperature it is possible to join two or more 


Fig. 2. Frozen mercury was used for this casting. Originally, the 
component (see background) was produced with lugs and stems 
for attaching the mating part. 


parts of the mercury pattern together with a slight impact 
pressure, the resulting joint being almost invisible. The 
mercury pattern, after being repeatedly dipped into a 
zircon-based refractory slurry, also at —65 deg. C., until 
a coating approximately } in. thick is built up, is then 
dried under heat, during which the mercury runs out and 
is cleansed for re-use. 

The refractory is fired and, when necessary, backed up 
with cement mixture, after which the metal may be 
poured, using centrifugal, vibrating or vacuum techniques 
to ensure homogeneity of casting; vents in the mould are 
unnecessary, since the refractory is porous and allows any 
trapped air to escape. 

It may be said that this process, although expensive 
because of the high degree of skill and accuracy necessary 
in preparing the metal moulds, is particularly suited to 
the following requirements : 

1. High definition (corner radii as small as 0-005 in.) 

2. Thin walls (wall thickness as low as 0-03 in.) 

3. Complex shapes and re-entrant angles 

4. A high degree of metallurgical control 

5. High degree of surface finish (30-40 micro-in.) 

The frozen mercury process is suitable for castings in 
various materials such as bronze, aluminium and high 
nimonic steels, and particularly for sizes exceeding 1 cu. 
in. volume. At —65 deg. C. the mercury has a stiffness 
comparable with that of lead, and is thus suitable where 
slender members are envisaged for which a wax pattern 
would be liable to sag. 

From the cost angle, a production run of upwards of 
100 components would be economical, and in considering 
the use of this process it is advisable for a designer to 
consult the manufacturers at the project stage, as by so 
doing he will be able to take full advantage of its particu- 
lar features. A result of such co-operation is shown in Fig. 2. 
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MOLYBDENUM 
(Mo) — Purity — pa powder metallurgy 


"96 arc cast 
PHYSICAL PROPERTIES 
Density at 20°C 
Pressed: 
0221-088. Ib./in.® 
Sintered: 9-2-9-4 cm.? 
0-333-0540. Ib./in.* 
Drawn: 10-0-10-3 gm./cm.® 
0-362-0-372 Ib./in.* 
Specific Gravity: 
Me'ting Point: 2,622+ 10°C. 
Specific Heat 


361\,: 0-058 cal./gm. at 0°C. 
0:06069 + 0-000012T-—> 7) 0-075 at 475°C. 


Electrical Conductivity: 36% IACS 
Magnetic Susceptibility: + 0-04 x 10-® cgs. at 18°C. 


MACHINING PROPERTIES 


Cutting tool high-speed steel or tungsten- 
carbide 

Tool angles... as for cast iron 

Depth of cut not less than 0-05 in. 

Cutting speed up to 100 ft./min. 

Cutting oil sulphur-based 

Threading . rolling preferable to cutting 


(Molybdenum is prone to chippin om therefore 
work and tools must be rigidly he 


CORROSION: 

Negligible or slow reactions to most chemicals at 
room temps 

Unaffected by air, oxygen and water at room temps. 

Rapid oxidization in air and oxygen above 450°C. and 
in water vapour above 700°C. 

May be clad to prevent oxidisation at elevated 
temps. Examples of suitable cladding material are 
nickel, stainless steel, iron alloys, glass, silicon, 
aluminium, gold. 


USES: 
Dies and furnace crucibles Chemical industry 
Bi-metals and thermocouples Tips for spot welders 
Metal-to-glass seals | Heating elements in furnaces 
Components for heat engines Electrical conductors 
Alloy constituent of steel (increases hardenability 

and toughness) 
Wire and sheet in lamps and thermionic valves 
Punches for hot piercing of billets and seamless tubes 
High-temperature nozzles and turbine blades 

FABRICATING PROPERTIES 

As Mo is primarily a sintered material, powder 
metallurgy techniques can be employed. 
Soldering: Electro-plate surface with nickel 
or copper prior to using conven- 
tional soft solders 

Use silver flux, preferably in inert 

atmosphere. (Improved joint by 

electroplating surfaces with nickel 
or copper prior to brazing.) 

Resistance spot 

welding 

Fusion welding 

by argon arc 

Pressure weld- 


Brazing: 


Welding: 


Embrittlement 
over welded 
; area 


ing 
Spinning: Sree, 500 ft./min. peripheral 
Forming tools—aluminium 
temperatures—up to 


Sheet Material: 
22 s.w.g. and thinner work at room temp. 
22 s.w.g. to 18 s.w.g. work in temp. range 90- 


160°C 
Above 1/8 s.w.g. work in temp. range 482- 
538°C. 
Tubes: 
Flaring work at temp. approx. 
538°C. 
Coiling— 


Up to } in..o./d. x 22 s.w.g., coil in temp. range 
90-177°C. 


Above in. 0./d. x 22 s.w.g., coil in temp. range 
pn 
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MECHANICAL PROPERTIES 
Modulus of elasticity: 45—46 x 10° p.s.i. 


Hardness VPN: 17P—280 


(at room U.T.S. YIELD ELON- 
temp.) p-s.i. POINT GATION 
p-s.i. % max. 
Hard-drawn 200,000-3 10,000 _ 25 
wire (at 0-005-0-0015 
in. dia., increas- 
ing with reduc- 
tion of gauge) i 
*Arc-cast and 73,600- 100,100 50,100-99,800 55-32 
annealed bar 
*Arc-cast, hot 
rolled and 
annealed sheet: 
Straight- 105,400-116,500 | 99,500-102,400 22-12 
rolled 
115,400-124, 14-8 
transverse) 
Cross-rolled 107,800-125,100 | 102,800-123,500 22-12 
Arc-cast, cold 78,800-154,300 | 75,400-151,800 39-5 
rolled sheet (longitudinal) 
83,200-132,100 | 76,800-130,200 22-3 
(transverse) 
(at elevated 
temps. tested 
at 1,066°C.) 
Arc-cast hot 
rolled bars— 
As rolled 38,000 
(0- 
Stress relieved 31,400 22,800 
(0:2% proof) 
* Properties vary with annealing temps. 
CREEP RATE 100 VARIATION OF UTS)” 
“AT 870°C IN WITH TEMPERATURE 
227, HYDROGEN 804 
183 40108 
wo 
164 
5* 
0260 400 600 860 1000 
CREEP RATE TEMP °C 
40) RUPTURE STRENGTH 
3 (lOO HOUR PERIOD) D4 THERMAL CONDUCTIVITY 
@ 307 
3 
20- 
2- 
~ 
ze 
0 860 900 1000 ° 1500 
TEMP °C 
204 THERMAL EXPANSION ELECTRICAL RESISTIVITY 
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A NICKEL STORY 


Pride of possession, as well as 


a face is reflected in the mirror 
finish of really good plating. 
For sound decorative chromium 


plating a nickel deposit 

- approximately a hundred times 
the thickness of chromium is the 
only foundation which will give 
years of satisfactory service, against 
corrosion, rubbing and knocks. 
Ask Mond about this aspect 
of the nickel story. 
Mond have the resources for 


research and development and 
supply technical publications for 
guidance in the choice and use 
of modern materials. 


Enough Nickel 
for all needs— 


Plan ahead with LCHKE KA. 


THE MOND NICKEL COMPANY LIMITED, THAMES HOUSE, MILLBANK, LONDON; S.W.I > 


TGA GN22 
Engineering Materials and Design 
\ } 


Engineering Materials and Design 


DATA SHEET 


POLYSTYRENE 


(Average values UNITS 


quoted) 


GENERAL-PURPOSE 


POLYSTYRENE 


TCUGHENED 
POLYSTYRENE 


HIGH SOFTENING 
POLYSTYRENE 


MECHANICAL PROPER- 
TIES (at room tempera- 
tures 


THERMAL PROPERTIES 
Specific heat 


cal./g./°C. 


Thermal expansion x 
Thermal conductivity cal./sec. cm. 
« 

Heat distortion temp. (to 

ASTM D648-45T) 66 p.s.i. 

fibre stress deg. C. 
Softening point (to B.S. 1493: 

1948) deg. C. 
ELECTRICAL PROPERTIES| 
Power factor at 10° cycles per 
sec. 
Permittivity (power factor at 

10° cycles per sec.) 
Surface resistivity ohm 
Volume resistivity (to ASTM 

D257-57T) ohm-cm. 


Electric strength volts/mil 


GENERAL 

Specific gravity 

Density Ib. 

Refractive index 

Moisture absorption (ASTM 
D570-54T) % 


Water vapour transmission 


(moulded 0-060 in. sheet) ey 100 in.?/ 


Corrosion and chemical resist- 


ance Alkali 
Acid 
Water 
Oxygen 
Solvents 
Inflammability 


Ultimate tensile strength p.si 6,000-6,750 
Elongation at break % 1-5-2:0 
Flexural strength ps.i 10,000-1 4,000 
Deflection at break (3-in. span, 

bar 5 in.x tin. x} in. deep) | in. 0-2-0-35 
Modulus of (tension) ped. 455 
Izod impact strengt . Ib./in. of 0-25-0-50 

notch 

Hardness Rockwell M65-M80 
Compressive strength p.s.i. 14,000-16,000 


0-32 
6-8 


1-9 


90-93 


C-0002-0-0010 


2:45-2:60 
> 1015 


> 1018 
> 400 


1-05—1-07 
0-0379-0-0387 
1-59 

0-05 


Resistant 


Resistant 
Resistant 


higher alcohols and 


Burns readily with smoky flame, material drips and flows during burning. 


11,000-12,500 


0-3 
3-5-5:5 


0-32 


1-05—1-07 
0-0379-0-0387 


Attacked by strong oxidising acids 


Soluble in esters, aromatic hydrocarbons, 


chlorinated solvents 


Note: The properties quoted above are average values in each case for 


A direct tabulation and comparison of the materials 


and quoted by manufacturers. 


cially 


mers of the grades indicated. 
ue to the wide variety of test methods employed 


Manufacturers of polystyrene ‘moulding compounds in the U.K. supplying materials of the types .ndicated are: British Resin Products Ltd., 


Distrene Ltd., B.X. P 


(aver 


RAGE VAt, 


6000 


20 
TEMPERATURE 


jastics Ltd., Erinoid Ltd., Styrene Products Ltd., Kleestron Ltd., and Monsanto Chemicais Ltd. 


DOULUS OF ELAST! 
(avei 


ION OF 


city WITH TEMPERA 
RAGE 


20 
TEMPERATURE 


40 


3,500-5,000 6,250-8,300 
6,000-8,500 
>I 
2-5-3.5 
13-18 
0-32 
6-8 6-8 
|| (3-4—4-3) 
0-0007-0-0010 0-0005-0-0010 
2-65 2-45-2-65 a 
> 1015 
> 1013 >10-18 
>400 
1-05-1-07 
0-0379-0-0387 
1.59 
0-03 — 
A 
0-128 
| 
| 4 
4 
VARIATION OF UT.S.wiTH TEMPERATURE | 
22 : 


Resin suppliers: British Industrial Plastics 


When Jenny the Bertram Mills elephant stood on a Fibreglass Reinforced Plastic tub, 

she made no impression, but she made history—in a way. However, elephant-resistance is 
one thing: corrosion-resistance is another. It is when the two are combined— moulded 

into a one-piece bucket for a detergent conveyor—that you have a message for the chemical 
industry. Lightweight F.R.P. doesn’t buckle, warp, drum or dent either. What it can do, 
and not do, for your business is a matter Fibreglass 


technicians would like to discuss. 


the backbone of corrosion-resistant plastics 


FIBREGLASS LIMITED, ST. HELENS, LANCASHIRE. TELEPHONE: ST. HELENS 4224 
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AMERICAN LETTER 


NEW ALLOYS INGREASE TITANIUM’S VERSATILITY 


FROM OUR OWN CORRESPONDENT 


NNOUNCEMENT of three new titanium alloys has 

just been made by Crucible Steel Co. of America. 
Known as Crucible C-115AMV, C-105VA and B-120VCA, 
the alloys are expected to open up promising new applica- 
tions for titanium. 

The basis for developing the C-1ISAMV alloy (4 
aluminium-3 molybdenum-1 per cent vanadium) was to 
provide a material that could be easily formed in the 
solution-treated condition and subsequently aged to high 
strength levels with adequate service ductility. This alloy 
has shown considerable promise for aircraft sheet applica- 
tions requiring excellent formability and a heat-treated 
strength of 170,000 to 190,000 p.s.i. ultimate, with about 
6 per cent elongation. In this condition the alloy shows 
excellent creep resistance and good creep stability to about 
425 deg. C. 

The C-105VA alloy (16 vanadium-2°5 per cent alu- 
minium) is an alpha-beta type titanium alloy which is 
designed to (1) be soft and ductile and easily formed, and 
(2) possess the high strength and elevated temperature 
properties demanded by future airframe and missile com- 
ponents for use up to 425 deg. C. Tentative mechanical 
property limits established for the new alloy are: ultimate 
tensile strength—90,000 p.s.i. minimum, yield strength— 
75,000 p.s.i. maximum, and a minimum elongation of 12 
per cent in 2 in. 

The third alloy, B-120VCA (13 vanadium-11 per cent 
chromium), is claimed to be the most versatile titanium 
alloy yet developed. It is said to have the highest strength 
and best formability of any titanium alloy. It is ductile- 
weldable, cold-headable, and it has deep hardenability. 
These properties appear to make it ideal for high-strength 
honeycombs as well as thick heat-treated sections. The 
outstanding properties of the alloy result from its highly 
alloyed beta titanium structure. Typical minimum mechani- 
cal properties of annealed sheet are: ultimate yield strength 
—125,000 p.s.i., yield strength—120,000 p.s.i, and an 
elongation of 10 per cent in 2 in. 


Stress Corrosion Cracking in Aluminium Bronze 

Development of a new alloying technique by Ampco 
Metal Inc. is claimed to eliminate the problem of stress 
corrosion cracking in aluminium bronze. After consider- 
able experimentation with various processing methods 
and alloy additions, it has been found that the addition 
of exactly one-third of 1 per cent of either tin or nickel to 
aluminium bronze can prevent stress corrosion cracking 
in steam environments. 

Known as Ampco Grade 8, the new aluminium bronze 
alloy has been tested in dozens of field applications with- 
out a single failure. Previously-used aluminium bronzes 
possessed outstanding corrosion resistance and high 
strength, but spontaneous cracking failure frequently 
occurred in the presence of steam. 

The development is expected to place aluminium bronze 
in direct competition with nickel-bearing and stainless steel 
alloys for many corrosive applications. Typical of the 
applications in which the new alloy can be successfully 
used are steam equipment such as paper mill drier rolls, 
brewery percolators, chemical plant heat exchangers or 
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sea-water evaporators. Also, a wide range of distillation 
equipment such as fractionation towers and equipment for 
processing sulphuric and acetic acid, formaldehyde, caus- 
tics, furfural and chlorinated hydrocarbons. In addition, 
the alloy can be used for high-temperature piping. It is 
now permitted for use in pressure vessels approved by the 
American Society of Mechanical Engineers. Allowable 
pm Stress is 10,000 p.s.i. at temperatures up to 260 
eg. C. 


New Fluoroelastomer for High-temperature Use 

A new fluorinated rubber with a possible —55 deg. C. to 
315 deg. C. service temperature range and exceptional 
resistance to fluids is now commercially available from 
E. I. du Pont de Nemours & Co. Inc. 

Called Viton, the material is a copolymer of vinylidene 
fluoride and perfluoropropylene. Viton retains useful 
elasticity for more than 2,400 hr. at 200 deg. C.; 1,000 hr. 
at 230 deg. C.; 72 hr at 290 deg. C.; and 24 hr. at 315 deg. 
C. It is more resistant to more fluids than any elastomer 
known today. It is resistant to aromatic and aliphatic 
hydrocarbons, aromatic amines, chlorinated hydrocarbons, 
dilute and concentrated mineral acids and alkalis, petro- 
leum hydrocarbons and water. 

Viton is the third fluoroelastomer to become commer- 
cially available in the U.S. The other two are Kel-F Elas- 
tomer, produced by Minnesota Mining & Mfg Co., and 
Silastic LS-53, produced by Dow Corning Corp. Of the 
three, Viton appears to be suited for the most severe com- 
bination of service conditions of temperatures and degrad- 
ing fluids. 

Two other fluoroelastomers now under development are 
Fluoro-Rubber 1F4, produced by 3M, and a fluorinated 
polyester rubber under development by Hooker Chemical. 
Corporation. 


FoamedSilica for High-temperature Insulation 

A rigid, closed-cell refractory foam material, consisting 
of 99 per cent pure fused silica has been developed by 
Pittsburgh Corning Corp., primarily for high-temperature 
thermal insulating applications. Useful over a temperature 
range of —260 deg. C. to 1,200 deg. C., the material is 
reported to be unaffected by all acids except hydrofluoric 
and hot phosphoric. It should be protected against caustics. 

Trade-marked Foamsil, the material’s thermal conduc- 
tivity (k) ranges from 0-48 to 1:85 B.t.u./sq. ft./hr./°F./in. 
over the temperature range of 40 deg. C. to 480 deg. C. 
Insulating value of one inch of the material is said to be 
equivalent to that of 18 in. of acid brick at temperatures 
of 120 deg. C. 

Foamsil has a coefficient of thermal expansion of about 
one-eighth that of low carbon steel, which provides excel- 
lent thermal shock resistance as well as providing a high 
degree of volume stability throughout its entire operating 
temperature range. It also has good dimensional stability 
in that it does not warp, shrink or slump during rapid 
temperature changes. Densities range from 10 to 12 Ib. 
per cu. ft. and provide compressive strengths of 130 to 210 
p.s.i. Foamsil is available in blocks, 11 X 17 in. or 17 x 
22 in., in thicknesses up to 3 in. 
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For the manufacture of 


POLYESTER RESINS 
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PROPYLENE GLYCOL 


and a wide range of other glycols 


SHELL CHEMICAL COMPANY LIMITED 


In association with Petrochemicals Limited and Styrene Products Limited 


Divisional Offices: 
LONDON : Norman House, 105-109 Strand, W.C.2. Tel: Temple Bar 4455. MANCHESTER : 144-6 Deansgate. Tel : Deansgate 6451 
BIRMINGHAM : 14-20 Corporation Street, 2. Tel: Midland 6954-8. GLascow : 124 St. Vincent Street, C.2. Tel: Glasgow Central 9561 On 


BELFAST : 35-37 Boyne Square. Tel: Belfast 26094. puBLIN: 53 Middle Abbey Street. Tel : Dublin 45775 
PGI/I AVAILABLE FROM U.K. PRODUCTION 
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Woven Heating Element 


A woven-glass fabric on which graphite 
has been deposited forms the basis of a 
new kind of low-temperature heating ele- 
ment announced by Hunting Mhoglas 
Ltd. Its resistance, expressed in ohms per 
unit square, can be varied by the num- 
ber of coatings on the glass fabric. The 
thickness of the deposit, the resistance 
of which can vary between 6 and 100 
ohms, is of micro dimensions. Contact 
with the ends of the fabric is made by 
steel spraying. The flexible element pro- 
duced is then treated with one of a 
series of thermo-hardening _ resins, 
normally of the epoxy type. The type of 
resin used imposes a restriction on the 
maximum working temperature for which 
the element is suitable, i.e., approxi- 
mately 200 deg. C. The manufacturers 


point out, however, that this temperature 
can be considerably exceeded when the 
element is used intermittently. 

The advantages claimed for this novel 
material, called Mhoglas, are that it is 
light and flexible, has a non-metallic 
conductor, can be easily cut, shaped, bent 
and formed, is inexpensive, and can be 
potted or incorporated as a lamination 
in wood, plastics, rubber, concrete or 
metal. The absence of local hotspots 
enables it to be used in conjunction with 
combustible materials, and renders it par- 
ticularly suitable for domestic applica- 
tions involving a fire risk. Successful 
applications include heated elements for 
aircraft production, platen-heating fix- 
tures for softening thermoplastics, poly- 
ethylene heat-sealing tools and heated 
panels, skirting boards, ducting, tables, 
etc. It would also appear to have possi- 


bilities for such uses as the pasteurising - 


of milk, incubators, frost prevention and 
maintaining temperature in large vessels. 
EMD 78 for further information 


Plastic-clad Metal 


A material which offers new oppor- 
tunities to many industries is produced 
by Miles Druce Steel Ltd. This material, 
called Skinplate, consists of a metal sheet 
covered on one side with a p.v.c. film 
which is resistant to mechanical abrasion 
and chipping as well as detergents and 
many chemicals. Skinplate unites the 
properties of plastics with those of the 
metal sheet, which may be steel, 
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MATERIALS 


aluminium or magnesium; it can be 
worked in the same way as normal sheet 
and can be sheared, perforated or bent. 
It is suitable for deep drawing and may 
even be welded without damaging the 
plastic film using a special technique. It 
has numerous applications for ducting, 
hoppers for machines, containers for 
corrosive liquids and for structural parts 
subject to corrosion. 

EMD 79 for further information 


Plastic Protective Fluid 


A synthetic resin emulsion, Pitaplan, 
made specially for coating all types of 
paper js available from Caulking Services 
Ltd. It is applied by brush, spray, immer- 
sion or roller and dries in a few minutes. 
It is resistant to metals, greases and 
general dirt, which can be quickly 
removed by soap and water or petroleum 
spirit. It is particularly recommended 
for the protection of engineering draw- 
ings and plans, electrical circuits, dia- 
grams, operating instructions and cards 
for machines and plant. 

EMD 80 for further information 


Heat-resistant Styrene 


Polectric SM11 is a thermoplastic sty- 
rene copolymer developed for use as a 
high-temperature dielectric, but has other 
applications, such as light filters and 
transparent articles which must be steam 
sterilised. The electrical, mechanical and 
chemical properties are similar to poly- 
styrene, but the softening point is not 
less than 130 deg. C. and it is claimed 
that for most applications it can be used 
continuously up to 120 deg. C. The 
material is supplied by Lucent Products 
Ltd. 

EMD 81 for further information 


Heat-shaped Fabric 

Union Carbide Chemicals Co. of New 
York are producing heat-shaped fabric of 
Dynel Acrylic fibre. The shaping is 
carried out by forcing a cold mould into 
the fabric, which is clamped around its 
periphery and then it is heated. After 
cooling, the fabric is removed and 
trimmed. The material is available as 
woven fabric or as a non-woven felt. 
Among the interesting applications sug- 


wet 


gested is the manufacture of battery 
separators, industrial flange and valve 
covers and protective packing for delicate 
instruments. 

EMD 82 for further information 


Immersion Gold Solution 


Engelhard Industries Ltd. have intro- 
duced a new “Atomex” immersion gold 
solution for depositing a thin layer of 
24-carat gold. A wide range of metals 
may be coated by simple immersion in 
the hot solution for a few minutes. The 
amount of gold deposited is dependent 
on the temperature and the base metal 
being coated. Theoretically, all metals 
below gold in the electromotive series 
can be coated by this method. Apart 
from decorative effects, this process has 
many applications in the protection of 
metals. For instance, it is claimed that 
copper-foil printed circuits retain their 
solderability for 12 to 18 months when 
protected with a gold plating a few 
millionths of an inch thick. 

EMD 83 for further information 


Foam Plastic 


A new expanded plastic called Foamo- 
prene has recently been introduced by 
Kay Bros. and is already being used in 
a wide range of industries. It is sponge- 
like in form, extremely light and elastic 


by nature and is available in a range of 
densities from 0-028 to 0-055. It is 
claimed to be unharmed by water, air, 
petrol, grease, detergents and disinfec- 
tants and will resist weak acids and 
alkalis as well as most solvents. It can 
be rendered flame-proof and can be pro- 
duced in a special tear-resistant form. 

EMD 84 for further information 


Zinc-rich Primer 


Zinc coatings have long been recog- 
nised as being most effective for protec- 
tion of iron and steel against corrosive 
influences, but the better-known methods 
of application, such as hot dipping and 
electro-plating, are not always applic- 
able. Allweather Paints Ltd. have 
recently introduced the Fitanode wet 
primer which can be applied under 
almost any conditions to site steelwork 
or for the maintenance of equipment 
already in service. The high zinc content 
of this paint protects the iron by cathodic 
action so that small cracks and pin holes, 
due to abrasion or faulty application, 


continued on page 53 


51 


“i 
: 
i 
ay 


EMD 32 for further information 


/ | preserve \ 
| my insides with 
\ ! 

Ensecote 


ENSECOTE 


$2 


For literature and technical advice write to: 
Agents in Belgium France and Holland 


People who pride themselves on their good equipment speak of ENSECOTE 
in a personal way. ENSECOTE protective plastic linings 

can be applied almost anywhere to almost anything. They are easily 
cleaned and sterilised, completely odourless, tasteless 

—and economical to install because larger vessels can be lined on the spot. 
ENSECOTE is particularly useful, too, for renovating glass lined tanks. 

The Dairy, Brewing, Paper and Chemical industries — 

and all who own rail and road storage tanks — will find 

ENSECOTE invaluable as a protection against wastage due to deterioration. 


Lithcote PLASTIC LININGS 


NEWTON CHAMBERS & CO. LTD., THORNCLIFFE, NR. SHEFFIELD, ENGLAND 
FOURS LECOCG ET ATELIERS DE TRAZEGNIES REUNIS, SA., TRAZEGNIES, BELGIUM 
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continued from page 51 
will not result in the spreading of corro- 
sion underneath the coating. Pitanode is 
particularly recommended by the makers 
for iron or steel exposed to marine 
atmospheres. 

EMD 85 for further information 


Steel for Vitreous Enamelling 


A new pre-coated steel for vitreous 
enamelling is announced by John Sum- 
mers & Sons Ltd.; known as Nitec, it 
consists of an enamel grade sheet steel 
base, which after annealing and cleaning 
is coated with nickel and a final protec- 
tive coating of zinc. As Nitec need only 
be pickled for three minutes, during 
which time the zinc coating will be 
removed and the steel degreased, con- 
siderable time is saved in the pre-treat- 
ment of the steel before enamelling, as 
no further operations are necessary. The 
protective coating of zinc prevents rust- 
ing of the sheets during storage, and it 
is also claimed to enhance tool life and 
assist deep-drawing operations. 

EMD 86 for further information 


Aluminium Strip 


A new aluminium strip called Ano-Coil 
has recently been introduced by Acorn 
Ano-coil Ltd. It is supplied in coil form 
and has a continuous anodised ductile 
surface film which will withstand reason- 
able deformation. It is available in a 
range of finishes from electro-brightness 
to satin and in a wide range of colours. 
Widths up to 20 in. can be supplied in 
gauges from 0-003 in. to 0:028 in, of 
any temper, This material would appear 
to have great possibilities in the electrical 
field, where the good insulating properties 
of an anodic film and _ its _high- 
temperature resistance can be utilised. 

EMD 87 for further information 


Non-woven Fabrics 


A new form of fabric having no warp 
or weft may have interesting possibilities 
in insulation and other engineering appli- 
cations. The material is made up of a 
layer of fibres, bonded with a chemical 
adhesive and, as the fibres have a random 
distribution, the fabric has equal strength 
and stretch jn all directions. The material 
is produced by Lantor Ltd. and is avail- 
able in a wide range of thicknesses and 
colours. It has been suggested as a re- 
inforcement for plastics and laminates. 
Blends of nylon and other selected man- 
made fibres are available. 

EMD 88 for further information 


Plasticiser Resin 


British Resin Products Ltd. has recently 
introduced a new resin, Cellobond A2591, 
an amber syrup of low viscosity specially 
developed as a plasticiser for rigid poly- 
ester resins. It is completely miscible in 
all proportions with other resins of its 
kind and gives them a degree of flexibility 
proportional to the amount used. In gel 
coats, its addition to other Cellobond 
polyester resins will increase impact re- 
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sistance and minimise any tendency to 
craze on impact. Because it is an un- 
saturated resin, it will cure when a cata- 
lyst is added. When it is used to plasticise 
other polyester resin mixes, the plasticis- 
ing resin is firmly linked to the rigid 
resin and cannot migrate. 

EMD 89 for further information 


New Lead Alloys 


British Lead Mills Ltd. have developed 
a new lead alloy, Antatac R1, to counter- 
act troublesome failures in tank linings 
used in the chromium-plating industry. 
Over 200 different alloys were examined 
during the investigation and it was found 
that Antatac R1 was the only lead alloy 
which was not attacked by chrome- 
plating solutions under conditions of 
severe misuse. The new lead alloy is 
available in the form of sheet, pipe and 
anodes. 
EMD 90 for further information 


Bright Nickel Plating 


A new process for bright nickel 
plating, named Plusbrite, has been 
announced by Albright & Wilson (Mfg.) 
Ltd. The advantages claimed for the new 
process are excellent levelling properties 
together with a fully-bright deposit which 
has a good degree of ductility. The pro- 
cess has many applications for a bright 
finish, having improved physical 
properties for electrical appliances, steel 
pressings, forgings and zinc base die- 
castings as well as brass and copper 
parts, 

EMD 91 for further information 


Wire Insulation 


Secon Metals Corp. has developed 
several insulations which can be applied 
to wire for high-temperature use. One 
of these is a bonded ceramic which is 
good for continuous use up _ to 
315 deg. C. and for intermittent use up 
to 430 deg. C. The other is a pure 
ceramic insulation which is good for 
continuous use to at least 650 deg. C. 
and for short-term use at _ higher 
temperatures. 

Both of these insulations are flexible 
so that they may be wound readily on 
mandrels. 

The 650 deg. C. insulation is supplied 
in a semi-cured condition. This must have 


_a heat treatment before it is ready for 


high-temperature use. It must be cured 
for two hours at 430 deg. C., followed 


FOR MORE INFORMATION 
about any of the products 
mentioned on these pages, 

please use the special reply card 
provided. 


READERS’ ADVISORY SERVICE 
We shall be pleased to help readers 
who have difficulty in tracing 
sources of supply of materials or 
components. 


by a ten-minute curing at 570 deg. C., 
after which the coil is ready for use. 
EMD 92 for further information 


P.v.c.-covered Tubing 


A wide range of steel, plastic-covered 
tubing is now being produced by LaBurn 
Ltd. for use as conduit for electrical 
work or for where external corrosive con- 
ditions exist. Almost any colour can be 
supplied in tubes or rods up to 3 in. dia. 
Makers claim that tests with the tubing 
have shown that its thermal conductivity 
is 0:004 cal./cm.*/cm./sec./°C. compared 
with unprotected steel (0-18 cal.) and 
zine (0:27 cal.). 

EMD 93 for further information 


Spiral Tubing 


Polyethylene tubing is now being 
specially manufactured by Hellermann 
Ltd. as a wound coil spiral. This material 
has been developed as a result of the 
demand for a flexible insulated sleeve 


which can easily be fitted in inaccessible 
positions. Individual wires may be taken 
from the cable harness at any point with- 
out removing the cable or modification 
to the insulation. 

EMD 94 for further information 


New Brazing Alloy 
A new series of nickel-base alloys js 
being made by Dewrance & Co. Ltd., 
which offers good mechanical properties 
and high resistance to oxidation, wear 
and corrosion at both low and high 
operating temperatures. They can be used 
for brazing austenitic and stainless steel, 
Nichrom, Inconel and other high nickel 
or high cobalt base alloys and techniques 
have been developed for dealing with 
refractory oxides and _ precipitation 
hardening alloys. Most metals with melt- 
ing temperatures over 1,100 deg. C. can 
be brazed successfully. Joints made with 
these alloys have mechanical properties, 
corrosion and oxidation resistance similar 
to the stainless and heat-resistant alloys 
with which they are used, and their wide 
range of fluidity meets different brazing 

and service conditions. 
EMD 95 for further information 
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Slew Bearings 

Two recently-developed anti-friction 
bearing rings make it possible to elimi- 
nate the cumbersome centre post and 
hook roller in full circling cranes and 
excavators and, at the same _ time, 
achieve a stronger and more compact 
mechanism. 

The Priestman Cross-Roll bearing, 
developed in collaboration with British 
Timken Ltd., uses tapered rollers. Four 
separately machined rings (the inner pair 
bolted to the revolving superstructure, 
the outer pair to the crawler frame) 
contain between their inclined hardened 


faces the staggered rollers, the surround- 
ing space being packed with extreme 
pressure lubricant. Complete sealing of 
the space containing the rollers is 
achieved by synthetic rubber seals of 
cruciform section carried in grooves in 
the superstructure and the crawler 
frames. Still further protection against 
the entry of water or grit is ensured by 
a grease-filled labyrinth, fed by nipples 
in the upper ring, while O-rings seal the 
mating faces of the rings. All play is 
eliminated by spacing shims between 
the inner pair of rings. The cross-roll 
bearing is at present in use on Priestman 
full-circling cranes and excavators. 

The Roballo ring, employed in Coles 
Cranes, is marketed by the Roballo En- 
gineering Co. Ltd. It employs a ball- 
bearing principle and the manufac- 


turers state that absolute sealing is not 
necessary for crane work, but can be 
provided if required. These bearings can 
be manufactured to suit the particular 
requirements of a customer, up to a 
diameter of 13 ft. 

Although primarily designed for use in 
cranes, both of these rings should have 
many other applications, The problem 
of how to rotate large masses where 
heavy tipping moments occur is a com- 
mon one. Compact rings of this type 
should be of interest to designers of 
machine tools (e.g., for vertical boring 
machine tables, turntables for automa- 
tion set-ups, welding positioners), chemi- 
cal plant and food mixers. 

EMD 96 for further information 
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New Universal Joint 
The Harris universal joint manufac- 
tured by F. & T. Kitchin consists of 
only two parts (the driver and the driven 
member) and a ball which serves only 
for accurate positioning of the two main 
members and which is not under tor- 
sional stress. The angular range of the 
joint is 40 deg. and it is claimed that 
the direct contact, which is of a rolling 
nature, between driver and driven mem- 
bers with the elimination of the usual 
intermediate, enables a high efficiency to 
be maintained at high speeds. 
EMD 97 for further information 


Stainless Valves 
Stainless-steel bellows-sealed valves in 
a range supplied by Appleby & Ireland 
Ltd. are primarily designed for use in 
controlling nuclear materials, especially 
corrosive media, where absolute leak- 
tightness is imperative. The valves are 
Argon-arc welded and are leak-tested by 
means of the helium leak tester. They 
can be used in separating plants for 
separating radioactive materials such as 
heavy water and plutonium, liquid 
metals—sodium-potassium and sodium 
—up to a maximum of 580 deg. C., and 
helium and carbon dioxide up to 250 
deg. C. and 350 p.s.i. Metal-to-metal 
seating is normally employed but valves 
with p.t.f.e. seatings can be supplied for 
controlling fluorised material. 
EMD 98 for further information 


Welded Bellows 

Specially-developed bellows which per- 
mit designs that are 25 to 50 per cent 
smaller than conventional bellows have 
been developed by Robertshaw-Fulton 
Controls Co., Connecticut. Known as the 
Formweld bellows, assemblies are avail- 
able in small or large production runs in 
metals such as AISI 300 and 400 series 
stainless steel, inconel-X, Ni-Span-C, 
titanium, zirconium and other weldable, 
non-ferrous materials. 

They are built of individually welded 
plates and may have many more con- 
volutions per inch of length than con- 
ventional, hydraulically-formed bellows. 
This, coupled with the precision inert 
gas welding process and the resistant 


characteristics of special metals used, is 
claimed to result in a_ precision-con- 
trolled effective area and a lower spring 
rate. Thus, instruments achieve greater 
reliability, uniformity and sensitivity 
under all types of operating conditions. 

EMD 99 for further information 


Internally Geared Pulley 

The Andantex, a reduction pulley 
containing a planetary gear system run- 
ning in oil on ball and roller bearings, 
providing a compact speed reducer for 
direct mounting on the driven shaft, is 
announced by Furnival & Co, Ltd. To 
ensure equal tooth loading, on the hard- 
ened and ground planetary pinions, the 
reduction unit is permanently assembled 
by moulding a nylon sleeve in situ be- 
tween each gear and its shaft. Semi- 
circular grooves in bore and shaft, into 
which the nylon penetrates, transmit the 
torque; slight elasticity in the nylon 
allows the bearings to give the pinions 
sufficient working clearance and thus 
equalise tooth loading. 


The gear units are marketed with 
ratios between 3 and 320 to 1 and in 
sizes to transmit up to 80 h.p. Although 
most units are sold for mounting inside 
a multi-V-belt pulley, special versions are 
available for chain sprockets, flat belt 
pulleys and motorised conveyor-belt pul- 
leys. Accessories include elastic torque 
arms, friction clutch engagements of the 
brake-shoe type, actuated by hand or 
solenoid, dog-clutch engagements, torque 
limiting arms, etc. 

EMD 100 for further information 


Self-priming Pumps 
A new range of self-priming pumps is 
being introduced by Hill-Barnes (Pumps) 
Ltd., who have just initiated a produc- 
tion programme in their new works at 
Markfield, Leicester. The pumps are 
being made under licence to the design 
of the Barnes Manufacturing Co., Ohio. 
The principal advantage claimed for 
the design is that the pumps will prime 
down to 25 ft. suction lift with as little 
as one-third of the normal water level 
in the pump body. By virtue of: this 
feature, leakage of water through the 
discharge connection or suction clack 
valve whilst the pump jis standing idle or 
being transported will not affect the self- 
priming characteristic. The pumps are 
available in sizes from 3-in. to 6-in. dia. 
hose connections, with discharges from 
1,000 to 90,000 gals./hr. They can be 
continued on page 57 
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EMD 33 for further information 


design for power 


with power transmission equipment by Grofts of Bradford 


makers of: Clutches, Conveyor Drives, Couplings of all types, Double helical gear units, Fabri- 
cated steelwork, Geared motors, Hydraulic couplings, Iron, steel and non-ferrous 
castings, Machine-cut gears of all types, Motorised rollers, Patent Taper-flush- 

bushes, Plummer blocks, Shaft-mounted gear units, Special machinery 

drives, Spiral bevel gear units, Turbine gears, V-Rope Drives, 

Variable speed drives, Worm reduction gears. 


no modern design department 
should be without a comprehensive 


set of Crofts Technical Publications 


bone fide requests will be deat with rompey GROFTS (ENGINEERS) LIMITED 


by our Publicity Department at Bradford, 


PPOWER TRANSMISSION ENGINEERS 
at: Belfast, Birmingham, Bristol, Cardiff, Head Office: Thornbury Bradford 3 Yorkshire 


Dublin, Eastern Counties, Glasgow, Ipswich, Leeds, Telephone: 65251 (20 lines) Telegrams: ‘‘Crofters Bradford Telex’’ Telex 51186 
Liverpool, London, Manchester, Newcastle, 


Northampton, Nottingham, Sheffield, Stoke-on-Trent 
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EMD 34 for further information 


*““achieves 

the board’s 
objective 

of offsetting 
increasing costs by 

greater 


efficiency ...” 


Factory Manager 


L is the ambition of every board of directors 
to reduce operating costs. Only in that way can 
an effective contribution towards a reduced cost 
of living result. The industrial, technical and 
financial press has been unanimous in its praise 
of our efforts in offsetting increasing 
production costs by greater efficiency. The new 
die-line foundry, for the production of pressure 
die castings, at our Graiseley Hill Works has 
been described as “ . . . well in advance of 
American ideas’. The economies that have 
resulted can become an important contribution 
in lowering your costs of production. 


WOLVERHAMPTON DIE 


GRAISELEY HILL WORKS 
WOLVERHAMPTON 
Telephone: 23831/6 


Engineering Materials and Design 


CASTING CO. LTD. 


IN COMPONENTS 


continued from page 54 

employed with heads up to 400 ft. Each 

size will handle solids up to 25 per cent 

of the flow, with diameters up to one 

quarter that of the suction connection. 
EMD 101 for further information 


Anti-abrasion Coil 


The Plansel anti-abrasion coil, made 
by Creators Ltd., is suitable for winding 
around cable harnesses to protect the 
cable asemblies from abrasion. This can 
be done while the harness is in situ. 

The coil is also suitable for protecting 
copper pipes and flexible rubber or p.v.c. 
pipes at points of friction. Made of 
plastic material, the coil is resistant to 
acid and will withstand very high pres- 
sure before crushing. It is made in con- 
tinuous lengths of 4-in., }-in., 1l-in., 2-in. 
and 24-in. bore. 

EMD 102 for further information 


Graphite Flange Lubricating Rods 
The Morgan Crucible Co. Ltd. are 
producing graphite rods for the lubrica- 
tion of cranes and locomotive wheels 
where wheel flange and rail wear is 
caused by excessive friction. The rods, 
which consist of a soft graphite mixture 
encased in a harder carbon tube, can 
be applied to a wheel flange only and, 
as the lubricant is solid, it cannot creep 
to the tread. The rods are held in con- 
tact with the flange in a simple holder by 
gravity, by a spring, by air pressure or 

by a weight-loaded mechanism. 
EMD 103 for further information 


Hydraulic Power Unit 


To meet an increasing demand for a 
compact source of hydraulic power to 
operate presses, jacks and similar equip- 
ment, Charles S. Madan & Co. Ltd. 
have designed a new range of com- 


pressed-air-operated pumps. 

This design, known as the Airhydro 
power unit, fills the gap between the 
standard Airhydropump, which is some- 
times too large or too expensive for 
many applications, and the junior Air- 
hydropump, which has a limited output. 

The pump works on the principle that 
the air pressure applied to a large air 
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piston imparts a thrust to a hydraulic 
ram of smaller area and creates a high 
hydraulic pressure. The proportion of 
the air piston area to the hydraulic ram 
area is the ratio of the pump. 

There are nine models covering a 
hydraulic pressure range from 62 to 
22,500 p.s.i. from a normal compressed- 
air supply of not more than 100 p.s.i. 
The weights of the complete units vary 
from 50 to 80 Ib. All models are 12 in. 
high and overall diameters vary from 
74 in. to 12 in., depending on ratio. 

An important feature of this type of 
pump is its ability to maintain a static 
pressure indefinitely without consuming 
any air. 

EMD 104 for further information 


Nylon Coupling 

The addition of a new lubrication-free 
nylon coupling to its line of flexible 
couplings has been announced by Morse 
Chain Co., New York. Completely cor- 
rosion-resistant, the chain element of the 


new coupling is constructed of nylon 
segments and stainless-steel pins. It can 
be disassembled or connected at any 
link without special tools, and fits stan- 
dard, stock steel roller chain sprockets. 
Expensive hardened steel sprockets re- 
quired by conventional steel chain 
couplings are no longer necessary. 

The new coupling needs no protective 
cover, handles loads from fractional to 
40 h.p. and speeds from 500 to 5,000 
r.p.m. Complete couplings (4-in. pitch 
links and soft steel sprocket) or chain 
elements are available at a cost of about 
20 per cent less than their all-steel 
counterparts. 

EMD 105 for further information 


Linear Bearings 

A development which opens a new 
field of opportunities for designers of 
machines as well as for other applica- 
tions such as jigs, tools and various 
equipment is the range of linear ball 
and roller bearings supplied by En- 
gineering & Scientific Equipment Ltd. 

Linear bearings, with very low coeffi- 
cient of friction, will last very much lon- 
ger than the present-day conventional 
slides because of less damage due to 
wear, but once these linear bearings are 
worn out, they can be quickly replaced 
within hours by another standard set. 


No special machining is required for 
fitting these bearings. 

The tracks for these linear bearings 
are made from special alloy steel, care- 
fully machined and treated for stability 
and great hardness. They are also 
ground and lapped within a tolerance of 
000001 in. for each 2-in. length. 
Between the tracks are fitted high-preci- 


sion balls or rollers. These linear bear- 
ings are made in a range of standard 
types and sizes. 

EMD 106 for further information 


Ceramic-to-metal Seals 


Ferranti ceramic—metal seals have been 
developed to overcome the limits im- 
posed upon valve performance by the 
use of conventional glass-to-metal seals. 
Uses are apparent in other fields, par- 
ticularly as terminals for vacuum and 
pressure vessels operating at elevated 
and sub-normal temperatures. The seals 
incorporate ceramics of high-alumina 
content, having high mechanical strength 


and good electrical insulation, bonded to 
nickel alloys to produce strong compres- 
sion seals. 

EMD 107 for further information 


Omni-directional Conveyor Roller 

A new fitting has recently been 
developed by Autoset (Productions) Ltd., 
of Birmingham, in the form of a main 
load ball supported on a bed of balls 
which recirculate and provide an endless 
track for the main load ball. This ar- 
rangement provides a load-bearing roller 
which jis omni-directional. 

Present production is confined to a 
horizontal flange-type fitting, having a 
capacity of one ton and also a screwed 
peg type of fitting having a capacity of 
700 ibs., but other ranges are being 
developed. 

EMD 108 for further information 
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News of Industry 


Mr. J. Bell, chief draughtsman of Dis- 
tington Engineering Co Ltd., has been 
elected president of the Cumberland sub- 
branch of the Association of Mining, 
Electrical and Mechanical Engineers for 
1958-59. 


Mr. Leonard Summers, F.R.S.A., 
N.D.D., has been appointed to the re- 
search and development division of W. 
M. Still & Sons Ltd. to concentrate on 
new automatic vending and catering 
equipment. 


Mr. P. B. Ward, formerly sales man- 
ager of Danite Hard Metals Ltd., has 
been appointed sales manager of Tech- 
nical Designs Ltd. 


Mr. G. Butler, A.M.LProd.E., chief 
designer of the Butler Machine Tool Co. 
Ltd., has been appointed to the board of 
directors. 


The plastics division of Metal & Plas- 
tic Compacts Ltd. has now changed its 
name to the Motoplas Co. Ltd., and the 
metals division of M.P.C. will be known 
as Metal & Plastic Components Ltd. 
Metal & Plastic Compacts was set up by 
the B.S.A. Co. in 1946 to investigate 
powder metallurgy and manipulation and 
moulding in the plastics field. 


Titanium Metals Corp. of America has 
expanded its operations to Europe by 
collaboration with Deutsche Edelstahl- 
werke (D.E.W.) of Germany. A new 
company, Continental Titanium Metals 
Corporation, will produce and market 
titanium metal in Europe. 


Entrants for the British Plastics 
Federation design award (for articles 
suitable for moulding or fabricating 
wholly or mainly from plastics) are re- 
minded that the closing date for entries 
is September 30. Entries for the annual 
design competition of LC.I. plastics di- 
vision (for retail articles moulded from 
Alkathene) must be in by October 31. 
The national competition launched by 
Freeman Taylor Machines Ltd. (to find 


inventions that they can manufacture and 
market overseas) closes on October 31. 


The Birmingham Engineering Centre is 
to organise, at the request of the F.B.I., 
a group stand at the British Trade Fair 
at Lisbon from May 29 to June 14 next 
year. 

The stand will be run on similar lines 
to that organised at the Brussels Exhi- 
bition, with the Engineering Centre 
arranging construction of the stand, pub- 
licity and display. 


The Federation of Engineering Design 
Consultants has announced that it is to 
initiate soon a limited advertising cam- 
paign to publicise the value of design 
consultants to industrial development. 


The Zine Development Association has 
produced a new 20-minute film, entitled 
No Rust Here. This describes the hot-dip 
galvanising process and illustrates its 
many applications in building, mining, 
railways and many other aspects of 
engineering. British and foreign examples 
of its use are given, as well as a descrip- 
tion of the galvanising process. 


The ensecote department of Newton 
Chambers & Co. Ltd. near Sheffield has 
been extended and modernised to in- 
crease facilities for protective plastics 
linings for industrial plant. A new 
feature of the plant is the pressurised 
spraying chamber in which the air is 
filtered to prevent dust affecting coated 
surfaces during treatment. 


The coachbuilding firm of Jas. Whitson 
& Co. has turned its production over 
entirely to polyester-glass fibre work. 
The company is now using these mould- 
ings exclusively for motor bodies as well 
as for street luminaires and fittings and 
chemical cabinets, produced from Cello- 
bond resins supplied by British Resin 
Products Ltd., and glass fibre sheeting. 

Managing director of Whitsons, Mr. 
A. E. Whittit, says his company is 
making progress in mechanising the hand 


Finishing off chloride equipment cabinets in polyester-glass fibre for Wallace 
& Tiernan Ltd. at the works of Jas. Whitson & Co. Ltd. (Photo: British Resin Products Ltd.) 


lay-up process and in chroming poly- 
ester-glass. 


London sales office of Brook Motors 
Ltd., has moved to larger premises at 
1-2 Finsbury Square, E.C.2. New Tele- 
phone number: METropolitan 9401-7. 


A British engineering display is to 
form a section of the Canadian National 
Industrial Production Show in Toronto 
from May 4 to 8 next year. It will be 
organised jointly by the Board of Trade 
and the Birmingham Engineering Centre. 


To celebrate the diamond jubilee of 
the Villiers Engineering Co. Ltd. a 
special exhibition of products using Vil- 
liers and J.A.P. engines is to be held at 
the Horticultural New Hall, Westminster, 
on January 7 to 9, 1959. 


The research department of Samuel 
Fox & Co. Ltd. has changed its title to 
metallurgical department to reflect more 
accurately the nature of its work. 


The executive offices of Kelvin & 
Hughes Ltd. have been transferred to 
Empire Way, Wembley, Middx. (Tel.: 
Wembley 8888.) 


A laboratory extension costing £15,000 
is in course of construction for the 
English Metal Powder Co. at West Dray- 
ton. The laboratory will be concerned 
with research for users of the company’s 
products and will contain the latest 
equipment for testing aluminium stove 
enamels and other resin-based aluminium 
paints. 
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METALS 

Sept. 23-26. Nickel and Nickel Alloys 
Exhib. Royal Station Hotel, New- 
castle. (Henry Wiggin & Co. Ltd.) 
Also at Metropole, Leeds, Oct. 14-17; 
and at Grand Central Hotel, Belfast, 
Oct. 28-31. 

Sept. 29-Oct. 3. Int. Metal Spraying Con- 
ference. College of Technology, Gosta 
Green, Birmingham. (Assoc. of Metal 
Sprayers.) 

Oct. 28. Symposium on Aluminium Pres- 
sure Vessels. London. (Inst. of 
Mechanical Engineers.) 


PLASTICS 

Sept. 23, 24. Industrial Uses of Nylon 
Exhib. Commerce Assembly Room, 
Birmingham. (1.C.I. Ltd.) Also at Angel 
Hotel, Cardiff, Oct. 14 and 15; and 
Grand Hotel, Charing Cross, Glasgow, 
Oct. 29 and 30. 

Oct. 6-Nov. 24. Series of lectures and 
films on plastics for non-technical 
members of industry. City of London 
College. Mondays at 6.15 p.m. 

Oct. 21-24. Reinforced Plastics Technical 
Conference. Brighton. (British Plastics 
Federation.) 

GENERAL 

Sept. 23-25. Int. Conference on Gearing. 
London. (Inst. of Mechanical En- 
gineers.) 

Oct. 21-23, Engineering Industries Assoc. 
Display. New Horticultural Hall, 
London. 
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EMD 36 for further information EMD 37 for further information 


Yake of We THE MIDLANDS LEADING STOCKISTS OF 
ALUMINIUM 


and its alloys 
CASTORS 


Over 7,000 Types and 
Sizes. 
—- | 


ASK FOR LIST : 
No. 581/3/53 : large comprehensive range 


always in stock in our warehouse 


in the form of :— 


tube, sheet, section, 
rod, wire and plate 


Three piece G and HG types from |2}” to 28}” lengths. G , mill quality at mill prices. 
type fitted with Nylon Rollers for quietness and long life. 
No oiling necessary. With Nylon Rollers slide sections do ACCREDITED STOCKISTS A.I.D. APPROVED 
not roll out even after years of continuous use. 


ENGINEERS, PATENTEES & SOLE MANUFACTURERS D E U TSC H ' & E B R E N N E RK 
AUTOSET (propuction) LTD 


ESTABLISHED 1919 HARFORD STREET, BIRMINGHAM 19 


‘ ‘ Telephone Northern 3838 (11 lines) 
69-73 STOUR STREET, BIRMINGHAM 18. Phone: EDG | 143 (3 lines) Branches at Cardiff (31833) and Manchester (Gatley 6418) 


“This calls for very high quality foundry work’’ 
‘It calls for WILLAN precision steel castings’’ 


B 


Is the problem a limited run of high quality steel 
castings? Willams are the people for that job. 
They manufacture to the highest standards in all 
alloy, stainless and heat-resisting steels and use 
extensively non-destructive inspection testing. 
Castings can be supplied in any weight from a few 
ounces to 6 cwts. They can also melt and cast in 
a vacuum in special cases. If the accent is on 
quality, rather than on quantity, call in Willans 


at once! 


G. L. WILLAN (CASTINGS) LTD 
Sussex Street - Sheffield, 4 . Telephone: 24211 


OA/S103 


EMD 38 for further information 
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This large extrusion press is installed at the Latchford Locks Works; here aluminium alloy 
extrusions are produced in sizes up to 134” circum-circle. 

Sections are designed and produced for use in the construction of welded and riveted assemblies 
for the road transport, shipbuilding, building and structural and general engineering industries. 
British Aluminium also manufacture a wide range of alloys in the form of plate, sheet and 
coiled strip. 


The BRITISH ALUMINIUM Co Ltd 


NORFOLK HOUSE ST JAMES’S SQUARE LONDON Swi 


October, 1958 
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WELDED FABRICATIONS AND 
hemical 
plant 


designed and built by an experienced 
team of creative engineers 


to all standard specifications including LLOYDS, 
ASME, BSS 1500 and to meet the individual 
requirements of customers 


EMPYRIU 


WELDING AND MANUFACTURING 
Company Limited 


Pritchett Street, Birmingham 6 
ASTon Cross 3203/4/5 


pioneers in welding practice 
since 1917 


JW. Ad 
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Write for catalogue to: 


& CO. LIMITED 


TELEPHONE: PENDLETON 2857-8-9 BIRMINGHAM: ERDINGTON 5459 LO 
TELEX 66-255 


October, 1958 
G 


EMD 41 for further information % 


EMD 42 for further information 


the multi-purpose 
motor for sequence 
switching, chart 

recorders, process 
controllers, instrumenta-_ 
tion, auto-lubrication, 


* SELF STARTING 


* YEARS OF RELIABLE 
SERVICE 


* WIDE VARIETY OF OUT- 


SM | T ll “ss Sintered bronze rotor bearings ensure long life. Power 
consumed 2 watts. Write or telephone now for full details of 


this compact, totally enclosed LIGHT DUTY Motor Unit. 
CONSTANT MOTOR SPEEDS Smiths also manufacture a range of Control Clocks and Time 


Switches for industrial equipment and domestic appliances. 


Width 23” 
Depth 1%” 


SMITHS CLOCK & WATCH DIVISION § Contracts Branch, 179 Great Portland Street, London, W.I. Telephone: LANgham 58/1 
Overseas enquiries to Sectric House, London, N.W.2, England 


We have been famous for the fine finish and 
accuracy of our products since 1872. 

You are invited to send for our cata- 

logue which illustrates the com- 

plete range ot Union Joints and 

Cocks. Our Lathe and Capstan 

Brasswork has a fine reputation 

in every trade. We look forward 

to your enquiries for special 

fittings. 


BRAIDED RUBBER 
CORDS & RINGS 


Wm. WHITEHOUSE & Co Ltd 
LUKE TURNER & CO. LTD., DEACON STREET, LEICESTER 


Empire Works, Brueton St., Birmingham, 4 Telephone: Leicester 22967/8/9 
EMD 43 for further information EMD 44 for further information 
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TAYLOR ADVERTISING LIMITED 


What is needed in 
INDUSTRIAL ADVERTISING 


In our view, industrial advertising needs to be handled by an agency which 
concentrates on industrial accounts by choice and not because it just happened 
to grow that way. 

This choice should spring from a natural aptitude for understanding the approach 
to industrial markets and the belief that much can be done to raise industrial 
advertising to new levels of efficiency. 

Such an agency will employ, as we do, creative writers with scientific and 
engineering training: it will have a marked ability to grip the interest of the 
buyer in industry: it will have a most valuable accumulation of experience on 
which the industrial advertiser can draw. 

We describe our service more fully and show recent examples of our work in 
an interesting brochure called ‘Advertising to Industry’. You can see from the 
list below some of the 130 accounts we handle. 


Aerograph Ltd Expanded Rubber Co Ltd 
Adcock & Shipley Ltd Flight Refuelling Ltd. 

Acaniis tad John Harris Tools Ltd 

Avica Equipment Ltd International Meehanite Metal Co Ltd 
BX Plastics Ltd 

British Hydrocarbon Chemicals Ltd 

The Cape Asbestos Co Ltd Londex Ltd 

Crawford Collets Ltd Mulhead Engineering Co Ltd 
The Distillers Company Ltd (part) Senior Economisers Ltd 
Alexander Duckham & Co Ltd Siemens Edison Swan Ltd (Part) 
English Abrasives Corporation Ltd Venesta Ltd 


INCORPORATED PRACTITIONERS IN ADVERTISING 
85 GLOUCESTER PLACE, LONDON W.1 
Telephone: HUNTER 985! (10 lines) 
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FOR FABRICATION STAINLESS STEEL E NICKEL ALLOYS 


made to measure in 
STEEL... 


Manufacturers in increasing numbers are calling in W.T.S. 
for specialist advice on the use of stainless steel and nickel alloys. 
Fully equipped to deal with made-to-measure jobs of 

any size and complexity, W.T.S. will be pleased to discuss 


your uses for these metals. 


A typical W.T.S. Job— 
Vessel fabricated in Stainless Steel ; used for 
measuring the consistency of pulp during papermaking. 


WELDING TECHNICAL SERVICES LTD, 


ENGINE EHS AAD FALRICATOR S 


HURST MILL, KINGS NORTON, BIRMINGHAM 30 


Phone : KINGS NORTON 2360/2555 Grams : WELTEXA, BIRMINGHAM 


SAFETY 
IN THE 
LONG 


witH THE... €.9.R 
MAGNETIC SAFETY 
TRIP WIRE SWITCH 


Designed specially for use with 
conveyors and similar equipment, where 
long runs of machinery are in use, 
this C.J.R. safety device stops the 
driving motor (or applies a brake), 
at a touch of the trip wire. 
You owe it to yourself and your 
employees to fit this infalli 

y device. 


. MANUFACTURERS OF PORTABLE TOOL SAFETY SYSTEMS 
INDUSTRIAL ELECTRONIC CONTROLS 


ELECTRICAL AND ELECTRONIC DEVELOPMENT LIMITED 
BICKFORD ROAD - WITTON - BIRMINGHAM 6 
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..-not Ralsin - 


No ordinary material this Ralsin, it offers outstanding 
opportunity to engineers and designers everywhere. A 
superior nylon, it possesses all the advantages of other 
polyamides, plus* low absorption of water . . . exceptional 
dimensional stability . . . and greatly improved electrical 
properties. 

Its versatility is endless. In mouldings large or small; in 
parts to satisfy an unlimited variety of applications; in 
shapes that are intricate or unusually complex; tough 
durable Ralsin offers new scope for engineering design. It 


October, 
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Nylon II wy 
is resistant to most chemicals, has a low coefficient of 
friction and a high softening temperature. 

Ralsin-made machine parts (already the choice in many 
industries) require no lubrication, and are particularly suit- 
able for processes where clean operation is essential. 

Whether it is adding sparkling colour appeal or repro- 
ducing design detail accurately, Ralsin offers unique 
properties in every application. Write for publication No. U/3. 


* Water absorbed after 14 days immersion is only 1.6%. 


WHIFFENS 


A member of the Fisons Group of Companies 


chemicals for industry 


WHIFFEN & SONS LIMITED - FISON HOUSE 
95 WIGMORE STREET - LONDON - W.1 
Telephone: WELbeck ss00 - Telegrams: Whiffen, Wesdo, London 
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Formapex 


LAMINATED PLASTIC 


Fabric and paper base grades in machining and cold 
or hot punching qualities. High mechanical strength; 
low co-efficient of friction; resistant to heat, 
moisture, chemicals. Please write for Brochure I IK. 


SS ANNIESLAND, GLASGOW W3 


Telephone: Scotstoun 5501-6 


THE “DERION” ROTARY AIRLOCK 
for discharging and feeding solids in pneumatic systems There’s power in plenty when you use 
A precision built mechanical valve, 


providing maximum sealing efficiency SHADED POLE MOTORS 


with minimum maintenance and re- 


placement parts. b yy 
% Adjustable blades. The patented e = 
feature provides for wear adjustment 


without loss of initial sealing 
efficiency. 
%& The rotor can be removed in 30 


seconds without the use of tools. * Silent 


All moving parts mounted on * Versatile 
grease-padked sealed for “life” Dependable 
bearings which are external to the * Vibration-free 
Robust construction. Fractional H.P. Type 
MC—Standard form 
%* Stove enamel finish for ease of f with flange or foot 
integral gearbox and self- Made in sizes from 0-3,000 
can be supplied. Full deta 
contained T.E.F.C. Motor Drive. cu/ft/hr. ae of all T.1.M. motors on request. 
Special drives on request:—Variable speed—direct-coupled geared 
motor—chain and sprocket etc. 


Special Duties:—Units supplied in St. Steel, Nickel, Aluminium etc., 
Adjustable blades in Vitrathene, Mild Steel, Nylon, Fluon, Brass, Stain- 
less Steel etc., etc. 


MYCALEX & T.1.M. LTD 


BUSH AND WILTON LIMITED CIRENCESTER, GLOS. Tel 400 
THE OLD FOUNDRY, BITTON, NR. BRISTOL 
EMD 51 for further information EMD 52 for further information 
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To 


DESIGNERS 
METALLURGISTS 
and WORKS 
ENGINEERS 


ALZEN 305 is the 

White Bronze Bearing 

Alloy that reduces the 

weight of bearings by half, 

saves 40% of cost and 
lengthens bearing life. These 

are important claims that have 
been proved over and over. YOU 
SIMPLY CANNOT AFFORD 


TO_IGNORE THEM. 
WRITE FOR TECHNICAL LITERATURE AND SAMPLES FOR TESTING 


THE APPLICATIONS OF THIS FAMOUS WHITE 
BRONZE BEARING ALLOY ARE LEGION 


BRIT. PAT. NO. 726818 


Alzen 305 is ideal where,the load is great such as for Press bearings, 

Slide Bearings, and Heavy-Duty Bearings, of every description. 

Available in ingot, sand castings, gravity die castings, pressure die 
castings, chill cast bars cored and solid and as fully machined components 


HILL ALZEN (SALES) LTD., P.O. Box 22, Stringes Lane, Willenhall, Staffs. Telephone: WILLENHALL 227 (5 lines) Telegrams: Hill Alzen 227 Willenhall 


WhiteAd 3928 
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Revolutions per minute or revolutions per 
annum ? There you have the vital difference 
between ordinary electri¢ motors and 
those made by EPE. Thousands of EPE 
electric motors are running at the rate of 
Over 1000,000, revs. a year—unfailingly | 
—year in, year out! Unusual ? ? Not a bit. 
EPE electric motor users take this wercef 
service for granted. Next time you’re 
buying electric motors remember it|pays 
to specify EPE—to be sure 


ELECTRIC 


LONDON OFFICE 421 GRAND BUILDINGS, TRAFALGAR SQ., LONDON, W.C.2. 


Phone Whitehall 5643 & 7963 


MOULDS AND 


COMPONENTS 
IN 


GLASS REINFORCED 
RESINS 


POLYESTER & EPOXY 


* Glass-reinforced polyester resins are used 
structurally and therefore are often in competition 
with metals. Size is not a limiting factor but, 
since these materials are so dissimilar, a different 

design approach is required. 


HARVEY & 
PRESSURECAST LTD. 


Specialists in Precision 


SWITCHGEAR and ELECTRONIC CONTROL CUBICLES, | * PATTERNS, NON-FERROUS CASTINGS 
INDICATOR LIGHTS and MULTI-LIGHT UNITS, LIGHT- 4 
ING FITTINGS, LAMPHOLDERS, MOULDINGS, Etc. 


WILLIAM McGEOCH & CO., LTD. * WOOD PATTERNS up to 30’x 15'x 15' 
LIME BANK ST., MANCHESTER i2 


SOCKETS & PLUGS 


including 
MULTI- 


also makers of :-— 


BORDESLEY, BIRMINGHAM, [0 
aliso Glasgow, C.2 and London, 
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and even more 
complex shapes 
produced 

without machining 
with DURASINT 


eliminate machining! Impossible, you might think? No, a , 
not a bit of it. For so great are the advances made in Sintered Simon says 


recent years in powder metallurgy that it is now possible 4 
to produce a vast range of pieces in their finished state ! Save on SINTERED 


duction are taking advantage of these new techniques. 
And at Sintered Products Limited, still further applica- 
tions are being found daily to help industry achieve a 
faster, more economic production of parts. Perhaps 


they could help you ? Sintered Products Ltd. 


(One of the Sheepbridge Engineering Group) 
Our Representative will gladly call to discuss your particular problems. Hamilton Road, Sutton-in-Ashfield, Notts. 
Or write for the DURASINT let giving you full details to: Telephone: Sutton-in-Ashfield 590 Telegrams: Sintered, Sutton-in-Ashfield 


CAGE GUIDED NEEDLE BEARINGS 


Even load distribution. Maximum Ask for free literature 


permissible speed 300,000 rpm Catalogue : Handbook : Brochure 
shaft dia. mm 


All needles supplied to a tolerance INA NEEDLE BEARINGS LTD. 


of + .00004” on diameter. Dept. EMD | 


T 

A.L.D. & A.R.B. approved} Dafen, Llanelly 

Telephone: Lianelly 2056, 2681 
Telex: 4816 


Sole concessionaires for: Industriewerk Schaeffler, Herogenaurach, West Germany 


EMD 58 for further information 
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Bearings are now available 
which operate 


sk Completely dry or in most DU 
liquids 


sk Under heavy loads or high 


00 


sk At temperatures from —200°C. 
to +2650°C. 


sk In the presence of dust or DM 
abrasive particles. 


Nearly 1,000,000 of these bearings are already 


A MAJOR BRITISH DEVELOPMENT IN BEARING TECHNOLOGY 


NCING 


Three materials with different functions have been 
developed to assist those who wish to design machinery 
that avoids the use of lubricants. 


Thin steel strip with a porous bronze coating impreg- 
nated with a mixture of a fluoro-carbon (P.T.F.E.) and 
lead. Supplied in flat lengths or as finished bushes and 
thrust washers in a range of sizes. Available at low 
cost from stock. 


A fluoro-carbon (P.T.F.E.) strengthened with special 
fillers and supplied in bars and tubes. A range of 
diameters is available from stock. Non-standard or 
irregularly shaped dry bearings can be simply machined 
from this material. 


A process of applying an adherent layer about .002” 
thick utilising the bearing properties of a combination 
of fluoro-carbon and molybdenum disulphide to the 
bearing surface of any ferrous part. Such parts must 
be sent to us for process. 


running in a wide range of mechanisms from The basic material we use in all these bearings is the “‘Fluon” brand 


gas turbines to textile machinery. of Polytetrafluoroethylene supplied to us by I.C.I. Ltd. 
DU is a new development based on our original DP material 

p which it now supersedes, and provides three times the load/speed G IL /\ ( | EB Ra 
carrying capacity of its predecessor. 


Information sheets giving guidance on use, maximum loads, speeds etc., are available free on request. TEL: PERIVALE 6611. TELEX: GLAMET, WEMBLEY, 
THE GLACIER METAL COMPANY LIMITED . 


ALPERTON WEMBLEY - MIDDLESEX 


Refractory Insulating Concrete - 


Concrete Aggregates - Super-Plastic Jointing Cements - Surface Coating Cements 


In producing the ‘‘H.T 1” brick efforts have been 
concentrated on obtaining a balance between the 
inter-related properties of thermal efficiency and 
mechanical strength. Research and develop- 
ment work has resulted in the evolution of 
entirely new manufacturing methods whereby 
high insulating value and low heat storage 
capacity have been attained with an excep- 
tionally high mechanical strength. 
Furnace Builders will appreciate the strong 
even texture of these new “H.T 1” bricks 
which can easily be cut, sawn or drilled on the 
job and repeatedly handled without costly waste 
resulting from crumbling corners and breakage. 


Gibbons “H.T1” insulating refractories have 
been the leading choice of furnace builders 
and users for many years and represent today 
an unrivalled combination of physical proper- 
ties and economy in price. 


QUALITIES NOW IN PRODUCTION FOR SERVICE 
TEMPERATURES OF 1300°C — 1500°C 


EMD 60 for further information 
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Engineering Materials and Design 


& 
THERMAL RAD TORIES’: 
MECHANICAL 


Your enquiry may lead to research, research to .new 
knowledge, opening the door to revolutionary uses for aluminium 
foil—new inks, new coatings, new laminating techniques. 


Every experiment cuts a new key to fit old and new locks. 
= have collected quite a bunch—perhaps we can open the door 
or you. 


Star Foil is backed by the most modern equipment—Technical 
and Laboratory services are handled by men with 25 years 
experience of research on foil, coatings, inks and laminates. 


This equipment and experience is at your service. 


Star Foil 


from EUROPE’S MOST MODERN FOIL MILLS Condenser Foil from -0045 mm. Thick. Widths Up To 40}” 


STAR ALUMINIUM COMPANY LIM ITED AY 


WOLVERHAMPTON & BRIDGNORTH, ENGLAND. 


ALUMINIUM 


SELLING AGENTS U.K. & EIRE :—ARTHUR WOOLLACOTT & RAPPINGS LIMITED, BLACKFRIARS HOUSE, NEW BRIDGE STREET, LONDON, E.C.4 
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THE DERION Reverse-Jet Air Filter 


For all types of dust recovery, particularly 
INLET MANIFOLD REVERSING LAST SHNTCH where optimum recovery is essential — 


THE DERION FILTER 

is a bag type unit utilising one or more wool felt 
cylinders as the filtering media. The porosity of thefelt 
is maintained by a reverse flow of high pressure air. 
In many instances 99.999% of the dust is recovered, 
even in the sub mikron range at an average air to 
media ratio of 15:1. 

These collectors can be of pressure or suction type 
and are constructed on the unit principle and can b2 
varied to suit customers’ particular requirements. 


THE DERION reverse-jet air filter is continuous 
in operation and has the following special 
features: 


No shut down cycle. 
No bag shaking. 
Constant pressure drop throughout the system. 


Theservices of our Chemist and Abrasives, Animal Foods, 
l test unit are available for test | - Bauxite, Asbestos, Cocoa, Flock, 
and demonstration at any Detergents, Insecticide, Radio- 
time without obligation. active Dust, Titanium Dioxide, 
_ _| Tale, Stone-dust, etc., etc. 


FRENCHAY PRODUCTS LIMITED 


Station Road, Kingswood, Bristol 
Tel.: 674801 


The first comprehensive work covering 
JUST all modern fibrous inorganic materials, 
PUBLISHED with details of their industrial 
applications. 


Heat Transfer 


Whether in welded steel or 
brazed copper, whether for 
heating or for refrigeration. 


Hunt & Moscrop Ltd. 


THE GILLED 
TUBE EXPERTS 


invite you to send, without 
obligation for a copy of their 
64 page brochure, reference 
HV.4, which contains ll 
relevant technical information 
on this specialised subject. 


HUNT & MOSCROP LTD. 


APEX WORKS : MIDDLETON JUNCTION : MANCHESTER 
P.O. Box No. 8 Middleton, Manchester. Tel: MIDdleton 
247/6-7-8. London Office: 66 Victoria Street, S.W.1. Tel: 
Victoria 5147. 


Inorganic Fibres 


C. Z. CARROLL-PORCZYNSKI 


Although the development of these materials 
began comparatively recently, they have already 
entered practically every branch of modern 
industry and their expansion is likely to 
continue for many years to come. 
Inorganic Fibres will be indispensable to 
technologists engaged in the production of 
asbestos and glass fibres and textiles, and 
those concerned with the applications of these 
materials in the plastics, electrical, heat insulation 
and asbestos fields. 


From all booksellers or 
in case of difficulty order direct 


341 pages plus 
| from: 


index 
157 figures 


57s.6d. post free THE NATIONAL TRADE PRESS LTD 


Drury House, Russell St., London, WC2 
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increased printroom output becomes a fact with the 
ARGONAUT combined printer and ammonia developer 


80 feet per minute. 


Automatic separation. 


Continuous output of 
blue line and black line’ . 
prints and reproduction 
line intermediates. 


HALL HARDING LTD 
STOURTON HOUSE, DACRE STREET, LONDON, S.W.I 
Telephone ABBey 7890 


The name COLMONOY stands for a 

p rote ct complete line of hard-facing alloys. 
To suit different methods 
COLMONOY alloys are available in 
various forms; oxy-acetylene rods, 

you 2 metal electrodes, paste, powder and 
castings. In addition to the con- 
ventional methods the COLMONOY 
sprayweld process combining as it 

S Uu rfaces does, the advantages of both metal 
spraying and welding, offers great 
potential for the design of 


components for lowest cost 
fro maintenance. 


If you wish to know more 
about our products the 
COLMONOY manual and 
COLMONOY Sprayweld 
brochure are available on 


COLMONOY 
hard-facing 


application. Furthermore 
our representatives will be 


alloys 


pleased to call on you 


at any time. 


Write for details to: 


WALL-GOLMONOY (CANADA) LTD. 


CARFIN INDUSTRIAL ESTATE, MOTHERWELL, LANARKSHIRE Tel: HOLYTOWN 266 
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INSTRUMENT PANEL SPECIALISTS 


CONTROL ROOMS 
CONTROL PANELS 
CONTROL CONSOLES 
INSTRUMENT HOUSINGS 


Specialists in the manufacture of high quality 
control housings to meet individual requirements 
for many large firms, including oil refineries, 
throughout the world. 


WORKS ROAD, LETCHWORTH, HERTFORDSHIRE. Telephone: LETCHWORTH 1840 (3 lines) 


in presswork 
H eavy and light 

E xperts in arc welding 
quantities handled 


nes ones welcomed 


E. xceptionally good delivery 


y, More important still, do your customers see it 
on your products? Even assuming a “yes” to that 
our pr oduction pr oblems question, does the way in which it is shown reflect 
credit on your firm? 
solved 


There's only one way to be sure of a “yes” to 
that question; callin H. E. Peace and talk about 
= transfers. There’s no more complete transfer service 
in other words: “Shelley” spells the answer available—quality, speed, aang and a first-rate 
to presswork up to 120 tons capacity in all design department, have all combined to make 
metals, coupled with excellent welding H. E. Peace the answer to transfer problems, for 
facilities and an up-to-date toolroom, we 


ae many, many firms. 
feel confident in our ability to quote you Drop whatever you're doing and ask us to come 


competitive prices. and see you. You'll be glad you did! 
TRANSFERS 
hi SHELLEY LTD. Manor Lane, Halesowen, Worcs. A 
Telephone: HALesowen 2006/7 
HAROLD E. PEACE & CO. LIMITED + LUDGATE HILL - BIRMINGHAM 3 
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THAT WILL GIVE YOU THE 
LAST FRACTION OF AN 
OUNCE OF POWER 


details, Catalogues, 
Estimates, etc. 


MANY UNITS = 

GEARED MOTORS FROM STOCK. : 
& SPEED REDUCERS 
of all types, speeds & horse powers URGENT : 
%* Write or ’phone for 


S.E.OPPERMA 


BOREHAM WOOD, HERTFORDSHIRE TELEPHONE: ELSTREE 2021 


GEARS OF ALL TYPES 
FOR QUICK DELIVERY 


FINE PITCH GEARS 


TO THE HIGHEST ACCURACY 


(ADMIRALTY CLASS 1) ‘UN7-REF’ 
FOR INSTRUMENTS AND SERVO MECHANISMS A saving of 12%—15% on tioor space 


H is the immediate advantage afforded 
} by the installation of the UNI-REF 
. Combined Drafting and Reference 
Table. The unique pivoting device 
which makes possible this economy 
RELI ANCE GEAR CC LTD provides also a reasonably low hori- 

og zontal working height, yet allows easy 
reach of all the drawing area when the 


ST HELENS GATE - ALMOND@URY board is in the pasion, and 


obviates the necessity for height 


HUDDERSFIELD adjustment of boards below Ham- 


burg size. For fuller details of these 

g and other advantages of the UNI- 
1 "awe REF equipment send for leaflet 
No. XF. 428/E/CE. 
- | J. HALDEN & Co. Ltd. (Dept E.M.D.) ROWSLEY WKS., REDDISH, STOCK 
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Allen, Edgar, & Co., Ltd. 
Autoset (Productions) Ltd. ... 


Birwelco Ltd. ... 

Bliss (England), E. W., Ltd. ... 

Bray, George, & Co. Ltd. ... : 
British Aluminium Co. Ltd., The ... 
British Geon Ltd. ... 

British Nylon Spinners Ltd. ... 
British Resin Products Ltd. ... 
Brookes & Adams Ltd. 

B.X. Plastics Ltd. 

Bush & Wilton Ltd. ... 


Clyde Alloy Steel Co. Ltd., The ... 


C.J.R. Electrical & Electronic Development Ltd ... 


Crofts (Engineers) Ltd. 
Cruickshank, R., Ltd. 


Darwins Bright Steels Ltd 
Deutsch & Brenner Ltd. 


Electrical Power Engineering Co. (B'ham) Ltd. ... 
Empyrium Welditg & Manufacturing Co. Ltd. ... 


Fibreglass Ltd. 
Firth-Vickers Stainless Steels Ltd. ... 
Fowler, John, & Co. (Leeds) Ltd. ... 
Frenchay Products Ltd. 

Fractional H.P. Motors Ltd. 


Gibbons (Dudley) Ltd. 
Glacier Metal Co. Ltd., The 


Halden, J., & Co. Ltd. 

Hall & Harding Ltd. ... 

Harper, John & Co. Ltd. ... 
Harvey, J. J., & Pressure Cast Ltd. ... 
High Duty Alloys Ltd. 

Hill & Alzen (Sales) Ltd. ... 
Hobson, H. M., Ltd. ... 

Hunt & Moscrop Ltd. 


Ina Needle Bearings Ltd. ... 
International Meehanite Metal Co. 
loco Ltd. 


INDEX TO ADVERTISERS 
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26a 
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20a 
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Jessop, Wm., & Sons Ltd. 


Kemitype Ltd. 
Kleen-e-ze Brush Co. Ltd., The ... 
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Electric Motors and Geared Units. D.C. Single 


and three phase and Synchronous from 1/250 h.p. 
to 1/3 h.p. Geared Units from 0°125 to 600 r.p.m. 


Torque up to 850 Ib/ins. 


FRACTIONAL H.P. MOTORS LTD 
% Rookery Way, Hendon, London N.W.9. 


EMD 73 for further information 


Type 334C40-a geared 
motor with A.C. and 
D.C. interchangeable 
frames. | -20 r.p.m. 
Torque: 20-10 Ib/ins. 


Telephone: COLindale 8022/4 
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APPOINTMENTS 
VACANT 


SIR GEORGE GODFREY & PARTNERS 
LTD. 
have vacancies for 
SENIOR STRESSMEN 
Preferably of degree standard with several 
years’ experience in the acro gas turbine 
ficid. An interest in vibrations will be an 
advantage. In addition, applications will 
be considered from those poisessing. 


H.N.C. and several years’ similar experi- 
ence, 


Write, stating age and experience to:— 


The Personnel Officer, 
Hampton Road West, 
Hanworth, Middlesex. 


3 lines 7s. 6d, (minimum), additional word 64.— 


CLASSIFIED ADVERTISEMENTS 


Test Rigs at 


HANDLEY LIMITED 
LABORATORY ASSISTANTS 
A number of interesting posts occur in connection with Test Work on 
Aircraft Structures, Ground 


ems, Electronics, Instrumentation gad 


our Radlett Aerodrome, Hertfordshire. 
Both male and female staff required, 
QUALIFICATIONS 


G.C.E. in science subjects—O.N.C.—H.N.C. or B.Sc. in Mech. or Physics. 


Preference will be given to applicants with 
some experience in this sphere of work. 
Write giving full details of experience and age to: 


Staff Officer, HANDLEY PAGE LIMITED, Cricklewood, London, N.W.2. 


and research 


(a) 


The Com 
commensurate with 


HANDLEY PAGE LTD. 


HANDLEY PAGE LTD., CRICKLEWOOD, LONDON, N.W.2. 


and Development of Subsonic Aircraft 


ivil Aircraft and wishes to augment its 
"Technical in the following categories:— 
AERODYNAMICISTS 
Minimum of 5 years experience 
(b) STRESSMEN 
y a long programme of work a 
offered will give wide scope for future advancement. Salaries will be 
experience and — and the level of duties 
undertaken. 


d, and the positions 


details of experience and qualifications 
to:—Staff Officer, 


SHEEPBRIDGE 


announce the following vacancies 
at 


CHESTERFIELD AND GLASGOW 
For 


Ref. 
EQDa. 
EQDb. 
EQDc. 
EQDd. 
EQDe. 
EQDt. 


Positions to be filled in the following categories:— 


1, CONTRACT DESIGNERS for dealing with 
project and commercial and progress 


with prospects of 
Leader in a number of categories. 

3. DEVELOPMENT origina) 
design and development work on New Products. 


October, 1958. 


with extensive experience in any of the following:— 


CAPACITY AVAILABLE 


To assist with their expanding Comet Pro- . 
duction Programme The de Havilland Air- a 

craft Company Ltd, urgently require the : 

follows ialist 

1, METALLURGIST 4 
to take charge of the Metallographi- By. 
cai Section. Qualifications for this 
appointment are A.I.M., L.LM. or 
industrial experience. 
for work on general analytical 
chemistry. Qualifications are B.Sc. in DESIGN DRAUGHTSMEN 

ial Vacancies exist for a few senior 

with industrial experience in organic a men pre- 
chemistry. ENGINEERING LIMITED ferably with H.N.C. or equivalent and hav- 
ing previous experience in the aircraft ve 

Write in confidence to the Personnel industry or gear-box or similar high-specd Et 

The Personnel Officer, 
THE DE HAVILLAND AIRCRAFT SIR GEORGE GODFREY & PARTNERS be 
Hatfield, Herts. Hampton Road West, # 
Hanworth, Middlesex. 
Special purpose machines. 
Handling Plan and equipment as supplied : 
STRESSMEN to the Petroleum, Chemical, Gas, Quarry, = 
METAL SPINNINGS to requirements. 
approved, Marctin-Golod Ltd., Maybury Gardens, aie 
N.W.10. WlLiesden 3888. 
aspects OF COntrai 
a juction a manufacturin: ctaiis, 
TANKS, Ovens, . Control Desks, Cubicles, 
Machine Bases, etc. } Plate a Speciality. General : 
Sheet Metal Work. Heavy Bending and Welding. ; 
—Wilston Engineering Co. Ltd., 37a, Whitton 
Five-Day Week. Overtime. Road, Hounslow. 
J Write in confidence, giving age, qualifications, Sele 
a experience and present salary, quoting appropriate 7 
referunce, 00: CAPACITY AVAILABLE, Vertical Boring; 
- PERSONNEL MANAGER, Turret, Centre and Capstan Lathes; Milling, verti- te 
: ‘SHEEPBRIDGE ENGINEERING LIMITED, cal and horizontal shaping and drilling. Fabrica- a 
j CHESTERFIELD. tions and components made to any specification 
‘ and design. Tempest & Dibb Limited, Paternoster : 
5 Lase, Gt. Horton, Bradford, Yorkshire. . 
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The ESSENCE 


May we assist in the design 
of your nameplates to your 
specification and colour schemes ? 
Chromium finish or Gold Plated. 
No charge for designs on 
rm enquiries 


The exclusion of damp, dust and dirt 
from delicate and costly machines is 
one of the biggest headaches of modern 
times. - Natural, Flexible Vinyl covers 


are light (.010" thick), strong and with [ae 

all-welded seams, made to measure. : 

Send dimensions for quotations without : MANH ATTA Se 
obligation 


139 GREAT CHARLES STREET, BIRMINGHAM 23 
Telephone : CENTRAL 2938 


Looking for the Right Person to do a job? 
or 


Wanting Better Prospects Yourself? 


Send your Classified Advertisement to 
The Advertisement Manager, ‘Engineering Materials & Design’, 
Drury House, Russell Street, London, W.C.2 Telephone: Temple Bar 3422 (28 lines) 


RATES: Minimum of 3 lines or under: 7/6. Each additional word: 6d. Box numbers 2/- extra. 
(Box number added free for “Situations Wanted’) Classified Display: £2 2s. Od. per single column inch. 
Advertisements must be received before 7th of the month for insertion in the following issue. \ 
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To help you use electronics in design 


COMMUNICATIONS & ELECTRONICS BUYERS’ GUIDE 
WHO’S WHO AND REFERENCE BOOK 1958/59 


For the first time all available information on @ basic technical characteristics of 1,956 
the products, firms and leading personalities specific products in 76 pages of tables. 
associated with the British electronics industry ... and much other valuable reference 
has been brought together in a single volume. data. 

It includes: 


progress in 
* to firms dhe: 
materials, components, equipment ser- ‘ 
vices under 2,750 generic headings. 500 pp.: Size 114 in. x 8} in.: 5 gns. post free. 


@ the only specialised postal and telephone Full descriptive k-aflet available from the 

directory to 1,474 companies and commer- publishers 

cial divisions in this field. 
@ positions 3 ee 1,812 promi- Order your copy of this time-saving volume 

nent individ TODAY from: 

The Circulation Manager, 
HEYWOOD & COMPANY LTD., 
DRURY HOUSE, RUSSELL STREET, LONDON, W.C.2. 


Overseas Readers! 


You can subscribe to “ Engineering Materials and Design” either by ordering direct from the publishers, Heywood & Co. 
Drury House, Russell Street, London, W.C.2, , or from any of our overseas agents listed in your country below. 
seas subscription rate: 35s. or $5.25 USA. Canada for one year (12 post-free issues). 


Adelaide . Libreria “ El Gato 
Street, Brisbane, Queensland. ‘oodbrook, Port-of-Spain. TA, 1435, Oficinas 201 Y 206, 
Gordon & Gotch (A’sia) Ltd., 511/ . 
515, Little Collins Street, Melbourne, 
C.1, Victoria, 
Gordon & Gotch Ltd., 
144, Parry Street, 
Gordon & Gotch (A’sia) G.P.O. 
Barrack & Clarence 


Rue Royale 
ill 


October, 1958. 


| | 
1 
} 
| 
| 
| 
| | 
| This volume can help you to take advantage of | ae 
| 
| | : 
| 
| 
| | : 
| | a 
| | q 
Ltd., 
Ove: 
Through Gordon & Gotch Lid. Carrera “ 
Librerias Mackern, Avenue de Lean- Bogota. i 
dro N. Alem, 457, Buenos Aires. pee 
Mitchells Bookstore, 570, Cangallo, 
Buenos Aires. 1, 4la, 
123, 
AUSTRALIA 
Alberts Bookshop Pty Ltd., 14-22, Pier 
Angus & Robertson, Litd., 89-95, » Sydney, NSW. Post Box 1163, Rangoon. Nicosia. . 
Castlereagh Street, Sydney, N.S.W. AUSTRIA a 
Centre of Fashion Trade Journals, CANADA CZECHOSLOVAKIA : 
100, Flinders Street (Near Exhibition Limited, Ve Smeckach, 30, 
Street), Melbourne, C.1. & Woll Advertising, Post Office Box No, 788, Praha, 11. : 
Engineering Publications (Aust.), 52, Messrs. Morawa & Company Station B., Montreal, P.Q. 
Pitt St. Sydney, N.S.W. The Davis Circulation Agency, 
H, A. Goddard (@ty) Limited, 255A, BAHAMAS Oakville, Ontario. Aksel J. Nistoen, Osterbrogade, 84, ae 
George Street, Sydney, N.S.W. Through Gordon & Gotch Lid. Wm. Dawson, Subscription Service ew ‘Oia oe 
The Grahame Book Company, 39-49,  Moseley’s Limited, P.O. Box 434, Limited, 587, Mount Pleasant Road, Bokhandel, 
Martin Place, Sydney, N.S.W. Nassau. Toronto, 12, Ontario. Ronersgade 27, Copenhagen. : ; 
John Hinton & Co., 50, Miller St., BELGIUM * Periodica,” 5090 Ave. Papineau, Johs Poulsen, The Illustrated News aa ; 
North Sydney, N.S.W. ro Montreal 34. Service, Dahlerupsgade, 1, Copen- : 
Jervis Manton (Pty) Limited, 190, Dohmen Freres. 237. 
Bourke Street, Melbourne, C.1. fom = Marie, Brussels CEYLON C. A. Reitzels Bokhundel, Axel 3 
J. W. Martin Limited, Box Mr. M. C. C. Wickramanayake, — 20, 
HS61, G.P.O., Perth. BRAZIL Director, The City Stores Limited, Movedvante 
Messrs. Swain & Co, (Pty) Ltd., Pitt _Livraria Stark, Limitada Caixa Postal 48, Ward Street, Kandy, Th. Wessel & V 
Street, Sydney, New South Wales. 2786, Sao Paulo. Through Gordon & Gotch Lid. poe Hise He naa oe 
The Technical Book & Magazine Co,, Through Gordon & Gotch Ltd. W. E. Bastian & Company, 23, Canal : ; 
295-299, Swanston St. (opp. Old Casa Crashley, Ltda., 58, Ouvidor, Row, P.O. Box 10, Colombo. ECUADOR | 
Publicidade Exietica, S.A., Box 539, Box 31, Price Street, Fort, Colombo. : 
H. C. Walker, Rich & Company, Sao Paulo. Plate, Limited, P.O. Box 127, “ : 
Grand United Buildings, 149, Castle- Colombo. 
feagh Street, Sydney, N.S.W. BRITISH GUIANA aovieercinad 
Through Gordon & Gotch Lid. Mr. Oswald Bentham, General Sup- — Pe Akateeminen Kirkjakauppa, 2, Kes- 
Gordon & Gotch (A’sia) Limited, Marjan Sucheston » asilla kuskatu, Helsinki. 
; %, Currie Street, Adelaide. .O. Box 375, Georgetown. 9950, Santiago. Rautatickirjakauppa O/Y, Helsinki. 4 
47 


‘v7 


weer 


New Photoplay Company, 231, 
Hornby Road, P.O. Box 61, Bombay. 
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